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Uſes, and alſo the uſe of the Globes. The 
whole illuſtrated with ſeveral Mathematical 


Sculptures on Copper Plates. 


— 


Cozrected and enlarged wich ts many Avvitions. 
By Venterus Mandey, Philomat. pr. 65 


LONDON, 


Printed for the Author, next Door to the| 
Salmon in Blooms bury- Market, T. Shelmerdine|\ 
at the Roſe tree, and Tho, Ballard at the 


|| 
1] 


Riſing Sas ig Little-Brittain. 1702, 


Where is to be ſold, the Myſtery of Nature and 
Art unvail'd, by the ſame * Hluſtrated 


with Copper Cuts. Pr. 65. 


— — 


CIS 2 22 


— | 05 VIC I AUDREY WG IWF Tr . WF U » - P Gy rd 


To the "TEAR Sa FL Lincolns- 
Inn in General — Eſpeci 
the Members fi al Bench wh the il 
Society. n 


Sir 888 Kt. e Kr; 
ee General. William Dobyns Eſq; 

Js James Butler Kt. FJamesW: 5 
James Stedman 3 Edwin . 
Penton E 


Toba ae E Jo Kew By; cf ; 
as Jones Elq; n Keen 
Nitholas Martin 7 ö 
youu Green Eſq ; — — Eſq; 
ir Thomas P Sir John Hely Kt. 
Edward Byde Ba; | 


Honured Sirs, 


Humbl Pardon for bringing 
I this —— Protection. Were 


but the 
* 


ir « Workof my on, or Iany thi 
Tranſlator, I ſhould * 'conftrain my 
to a meaner Dedication: But 
Qtion of ſome of the: greateſt | 4 


World, I mean, lis, Kepler, &c. 
And never made Eli 1 an I conceiv- 


ed 1 the ſooner procure their Welcam, 

eber ſo eminent for: noble Canddry as 

as for all thoſe intellectual — 

where with your rich 'Sdult are known. tobe 

furniſhed: I reſolved to be as kind to this 

Book as I could, Fa eriouſly tick 
2 


ordEſq; | 


Epiſtle Dedicatory. 
which way to effect it, I at laſt concluded 
(with Submiſſion) to prefix your Names toit, 


who having a higher - Senſe, and Judgments 
of „ are beſt able to deſend my 


Lapſes and Imperfections. PE 
The Mathematical Sciences, although in 
their Speculations moſt noble and pleaſing to 
a Philoſophict Mind, and in their Practice ve- 
ry uſctul and profitable to Mankind, yet have 
they not been equally approved by all; For 
which cauſe, fuch Writings as promulge and 
offer at the advancing of thoſe Sciences, ſtand 
in need of ſuch Patrons as are able to defend 
them againſt the Cavils of Pride, Envy and 
Ignorance. 

And for as much as the Study of Know- 
ledge is incumbent on all great Men, ſuch as 
Judges, Rulers, Councellers, &c. And that 
they who delight and have Knowledge in 
Mathematical Sciences, are greatly aſſiſted in 
the right governing in a Common wealth, as 
well in times of War as of Peace, to the diſ- 
cerning of all things aright. 


3 
Whence alſo man Em Kings, and 
Princes, &c. Have 2 raviſh'd with the 
Mathematical Study, that they have not onl 
diligently ſtudied it themſelves, but have al- 
. 
EXCE | to te 
It is commonly faid that all Learning is of a 
Piece and thatNeſ crf\generoſa mens ignorantiam 
Rs 'S | part 


Epiſtle Dedicatory. 
gui; An Inſtance of the Truth of which fay- 
ing, a in that late great and learned 
Perſon the Lord chief Juftice Hale, lately a 
Member of your Honourable Society, who 
beſides his great Knowledge in the Law, 
was a Divine and Mat ician, as ap- 
pears by his Books and Manuſcripts in the 
Library of your Society, ſome of which I 
have ſeen. © 

Now having had the Honour (for fo I 
eſteem it) of ſerving your Honourable Socie- 
ty far about Thirty three Years in my Trade, 
and having received ſome Advantage there- 
by, Tthought it juſt Gratitude to make this 
ſmall Preſent, as the Poor Man does to his rich 
and great Neighbour, by whom the Noſe- 
_ Kg Flowers, or Basket of Fruit is not ill 

n, altho* he hath more Plenty, and far 
better of his own Growth. Small Things 
become valuable when they are mate the Of- 
ferings of Reſpect, Eſteem and Grati- 
tude, for Seneca ſaith, there neither is, nor can 
be any Law againſt Ingratitude. 

I know, you Gentlemen, have ſo much and 
great Imployment for his Majeſty and his 
good Subjects, that I ſhall not rob youot an- 
other Minutes Space, beſides my Prayers to 
Gad to bleſs and proſper yqur Honoyrable So- 
745 and the Liberty of Subſcribing my 


Lour moſt Humble and 
moſt Obedient Servant. 


Venteruss Mand ey. 


THE 


OLD PREFACE 


To THe -: 
FIRST EDITION, 


T 0 THE 


Pious and Cand id Reader 
The Author wiſhes Happineſs. 


HE the pleaſure and advantages are, af che 


Mathematical Sciences, as they are uſually called, 
viz. Which are exercis d about the Numbers and 
itudes of things, which ſerve not only to the 
better unde ing of all other Arts and Sciences -inferios 
and ſuperior; But alſo are neceſſary to all Men, to the more 
— 1 living a Civil 1 think it ** — in 
is place to enlarge upon; for concerning this of Mathema- 
tical things, no Ingenious Men doubt: but the un{kilful, unleſs 
they were entred into this ſtudy, and perceived ſome ſweet- 
2 Ane be drawn. to it as they an Elo- 
gy of words. 125 
ebener gef e ſhall decae a , gs, by 
what Authority, or tow purpo 
ea] Synophis was compoſed; and in what order I method, we 
imagine T9 the 2 in the 'Mathematicks, may; gdvantage- 
The kids e of the Mathematicks menten. et 
to. x alwa ways flouriſhed from the firſt — of 2 2 
my, if not among all Learners, yet among 
have been moſt expert Artiſts in the knowledge of the = 
maticks; and not in Germany only, but in all Europe, the moſt 
Famous, Fobn wy Samue} Siderocrases, Fobn phil 


wv Pr T1.0 


- 


| The Old Preface, 

Philip Appian, Michaz} Meſtiin, Eberbar dus Scukeſius, and n 

only he chat was very Famous and had in great honour among 
us, but alſo among Foreigners, and is now in Heaven, VVilliam 
Schickard, but alſo the moſt Ingenious and moſt excellent Ma- 
thematician ohn Kepler, altho he ſpent not his Days with us, 
yet he came forth our School, and was Famous through 
all Europe: But alas! the diſmalFire of the late Wars, as it brought 
all other kinds of miſchief along with it, ſo it miſerably broke 
this School of ours at Tubingen, and withother Sciences andArts. 
Allo the moſt noble ſtudy of the Mathematics was almoſt de- 
ftroyed : which ill fortune falling grievouſly on it, our moſt Se- 
rene Prince and Governour the Lord Eberhard the 111d. Duke of 
Wirtemburge, c. following the footſteps of his Anceſtors, 
among other things did alſo reeſtabliſh the Matbematicts, which 
was at it were deftroyed ; not only to be taught in the Pub- 
lick Univerſity, but alſo, would have the firſt fundamentals of 
it, taught in the Schools of Monafteries z there fore for this 
end, and by the command and mandate of our moſt Serene 
Prince, tba preſent Synopſis is colleſted, not of one, but of ma- 
ny Mathematical Diſciples, as wefl from the Lucubrations of 
ours, which of late flouriſh'd in this Academy, as of others, 
more noble Lovers of this Science ; it being made uſe of by the 
advice of Learned Men: In which, what ſhall be appointed, 
or in what order and manner any one in our opinion may pro- 
fitably be converſant in it, we ſhall briefly ſhew. 

Therefore in the beginning, leaft any one by ſeeing the big- 
neſs of the Book ſhould be offended at the Title <ynopſis, he 
muſt know, that we deliver here not one, but as in time paft 
five, ſo now ſix diſtin Diſciplines; yea if after the manner 
of others, we were willing to divide it-into ſmall parts, we 
might make it into more than Ten: If this were divided in- 
to ſo many parts, it might very well ſtill retain the name of 
Smopfis, or Compendium. But why are we not content with 
one Science, but would gather together many Syſtems ? The 
nature it ſelfof the Mathematicks requires it : For often times 
— of it are ſo bound, and as it were joined with the 

of Relation, that one without the other, can neither 
be diſpoſed in due order, nor learned with any benefit. For 
Example, ſome Knowledge of Aftronomy, eſpecially to the 
ſtudious devoted to Theology, was always requiſite in our 
Schools: But what Knowledge ! pray, can any one have from 
2a Treatiſe of Aſtronomy, without ſomewhat of Arithmetic, of 


Geomerry, of Geography, and alſo of Optics ? which if any one 
A 4 ' wants © 


The Old Pref-e. | 
wants, he will ſcarce learn more in. Aſtronomy, than a blind 
Man in che Art of Painting. That cherefare theſe ſhould be 
pyned together, Necethty it ſelf required it. 
ln laying duwn theſe things, we oblerve this Order, vix. 
That we premiſe thoſe things, the Foreknowledge of whic 
is chicfly neceſſary in the latter: Whence Arithmeric and Geo- 
merry preceed Aſtronomy; for as muchas they are, as it were 
Wings, with which w2 fly into Heaven: Ceography follows A- 
ſtronomy (which by Reaſon of its great Digaity, we hare indeed 
- handled more tally ; but if you conſider the Multitude of things 
contained in it, we have handled it compendioufly enough) 
which is ſo pyned with Aſtronomy, that neither withour the o- 
ther, can entirely be underftoud. The opties follow G: 0gr 4 
phy, which although it hath hitherto for the moſt part been 
ne glected even by thoſe who would hearkeu to Philoſophy ; yet 
the Benefit and Light it affords ta almoſt all the other Scien- 
ces is ſuch, that it may truly be ſaid (canfidering its great Me- 
rit) that it is the Sun, the Eye and Beauty of them all: Theres 
fore we were willing alſo only to delineate it, if perchance af- 
ter a long time of Exile, it may recover its Dignity and Place 
among ſome or other. 5 

Thoſe things which we have annex d by the way of Appendix, 
or ſcatter'd any where by Digreſſion, alchough they are not 

_—_ of theſe Diſciplines, yet by reaſon of the great Plea- 
Fare Urilizy of them, we would not neglet them; ſuppo- 
fing that a.Lover of theſe Studies, if he ſhould find any thing 
that's good out of the way, he will no more deſpiſe it, than 
if indigging his Field, be ſhould find a hidden Treaſure. 

We have omitted the long Demonſtrations of Geometrical 
Things, ſince becauſe I ftudy Brevity, we ieſpect Practice 
mare than Theory, alſo becauſe all the Conclufions drawnfrom 
Geomewical Things, are approved of, by the Opinion of all 
learned Men; whence tis 2 that thoſe that learn ſhuuld alſo 
believe them . Not to ſpeak of ſome Demonſtrations which by 
reaſon of their Subtilty, are ſometimes more obſcure than rhe 
Concluſions themſelves: yet if any one require them, he may 
fatizhe himſelf with Fuclids Elements, or the Commentators 


upon them, the excellent Clævius, Ambroſe, Rbodes, Orontius, 
Paijſcxs and others. | 


* 


And in handling theſe Diſciplines, we would have Infcr- 
mens or Inſtructers obſerve theſe things; for we require the In- 
former to bo altogether learned, diligent and prudent ; For 
what ill Accrues, from the Studies of thoſe Youths, who raſhly 
take into their Hands any Books without a Teacher, 8 


J 


TT” 00 T.OET 
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formed their Duty according to their Reward, if they Gh. 
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ſently from them perſwade themſelves to be learned, * 
ence teſtifies; for oftentimes they ſtick a great while on ſo 
light matter, and ves and faitgue themſelves on it in vain, 
from which they might dilinrangle themſelves with a great 
deal of Eaſe bv the help of a fairhtul Inſtructer: But at læugth 
when they perceive themſelves ro be exerciſed in ſuch things 
in vain, where they ſcarce touch upon the Entrance of an 
Diſcipline bat they conceive a Diſdain of it, and they rejc 
it again as inſuperable. | bs 

| For thisreaſon we require an Informer which will explain 
all things faithfully; and not to propoſe to Youth, the learning 
of ſo much; which they uſually do, whe think they have per- 


trude on their Schollars, the charging their Memory wi 
ſome Prolix, not underftood Leſſon. N. 

Therefore e wholly deliver the ſtudious from this Labour 
of learning by heart, for the Mathematics are not to be learnt 
by heart, but to be under ſtood, and alſo they are to be exer- 
ciſed by hand; to which Exerciſe, 4 Ruler, 4 pair of Compaſſes, 
4 Celeſtial and Jerreſtrial Globe ; or inſtead of theſe, Charts and 
Geograpbical Maps are neceſſary; In theſe if the Mafters and 
Schollars are ſometime converſant, it cannot but happen, thac 
alſo they will bear the Words themſelves in memory; from 
which right Uaderitaading of - things, they may allo 
ſpeak plainly, that by reaſon of it there will ſcarce be any 
need of peculiar learning by heart; eſpecially fince Mutbea.:- 
tical things are not oniy laid before the Underſtanding a3 M-- 
tapbiſies ate, but are allo coateſplated by the Eyes and haadl. 
by the Hands. | 

Nor yet alla do we think it convenient, that Learners in tho 
Begiuning, ſhould run tarongh the whole Budy of rheScicnces, 
as they are delivered in this Synopſis { Bur by degrees not on- 
ly to aſcend from one Diſcipline to another, but allo from on 
of one Part, to the other Part. 

And therefure we conſtitute three orders, in the Study of tha 
Mathematics; beginning, going for wd, and mating 4 ſt.n1; 
Nevertheleſs no Law or nihment to be conſtituted, if any 
ane ſhould invade the Ends of another, before tis time; only 
that he infift in a right way, and obſerve a convenient order, 
not dy Girds and Leaps, to be con verſant, ſometimes iu one 
Part, and other times in another. 

1 Therefore inthe Beginning, is deſigned th: firſt and ſe- 
cond Part of Theoretical Aritbmetict, as well in u hole as in 
broken Numbers, which Men onght to xnow, bh rc alun of che 


great 
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great Uſe which they have in all Human Affairs: From 
whence if any one being dull of Wit, proceed no further, but 
would abſtain from all the other Parts of the Mathematics, yet 
methinks he ſhould not think * of the 2 8 — 
from the third Part concerning 1 y the” Gold 
Rule of Proporcion, which is the chief Point, of the five Species 
or Rules of Arithmetick. | | 

Zut if our Beginner would aſcend higher alſo, to other Parts 
of the Mathematics,we may propoſe to him the Firſt and Second 
Part of Geometry: In the Firſt are contained the Definitions of 
Geometrical things, and as it were, expoſes all the Furniture of 
Geometry, and ſubjxeAts it to the Sight: The Knowledge of which 
alſo, althongh he would proceed no further, yet this Advan- 
tage would not be contemned, which ſo admirably brings in- 
tothe Mind, not without great Pleaſure, the Ideas of Corpo- 
real Things, from the Divine Mind into the Human Kind of 
fallen Men,of which theſe rude Figures of ours,areas it were a 
Defluxion of Material Things. 

To this moſt pleaſant Contemplation, if our Beginner alſo 
add the Second Part of ranch being eaſie to be 'under- 
ſtood and comprehended ; Tis no doubt but he will be then 
incenſed,from the Love and Deſire of the knowing Matbemati- 
caIThings,to proceed with a chearfulMind,and on to the 
Order of going forward. 

II. after theſe Proceedings; he may firſt run through 
the two other Parts of Theoretical Arithmetick, in which, be- 
cauſe he is already exerciſed in the Five Species or Rules of 
metick (eſpecially in Fractions which have 3 gu * 
with Proportions) he may paſs with an i ve Foot, 
accompliſh them in a ſhort Space of time. 

But from hence, to them that would ſometime do Service 
in the Common Wealth, they may profitably enter upon the 
other Parts of Geometry : In which, indeed not all things are 
- contained in theſe Arts, whch are neceſſary to be known, to 
Politick Men, in times of Peace and of War, yet for the moſt 

rt the Foundations are here laid, without the right Under- 

ing of which things, their Knowledge will be cither im- 
perfect, or doubtful, ; | 

But becauſe this Labour is deſigned chiefly f6r them who 
think ſomerime to ſerve in 1 on whom there 
35 incumbent a greater Care of „ 
Things, after the Underftanding of Theoretical Arithmetick, 
the Firſt and Second Part of Geometry, they may forthwith en- 
ter upon the three Books of Aſtrenomy, and after theſe a - 
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2 ——— 
j the ical lems (by laying, 
Node tbe fort time the Trigonamerrie al Calculation) which the 
nſe of Re guns: — Globes ſhev, and they — 
alſo ſubjett ings tothe Sight, which they have heard a 
rer in firm and Geograny: | wT . 
He that ſhall have learned theſe things, will have more 
right to the Title of a Maſter of Phitoſophy, than if he would 
acquireand continue only, in fone. Knowledge pertaining to 

II. All the reſt which remain, in Arubmetict, in Gepmerry, 
in Aſtronomy, i Geography, and in Optirs, ave deſigned tor 
them that are durable and confſten ; among which, we propot 
thoſe: whoare conſecrated to any Saperiour Faculty, who can- 
not grow old in the Mathematics, and in other Studies of Pbilo- 


p. . 
Nevertheleſs leaſt we ſhould ſeem to paſs over with ungrate- 
ful Silence, any of them who have contributed any thing either 
of their own, or of others, to this Work. Of the Ancients, they 
are theſe, Euclid, Ptolomey Geber, Fobn de ſacro Buſto, G. Pur- 
bachius. Of the Moderns, Nicholas Copernicus, Eraſmus Reinhol- 
dus, Tycho Brahe, Peter and Philip Appian, Gemma Friſius, Ba- 
tholomew Pitiſcus, G. Lud. Frobenius, Tho. Winſhemius, C. Peu- 
cerus, Adrian Metius, Chrifto. Clavius, Galilaus, Amb. Rbadius- 
Fobn Fleiſcherus, Alftedius, Kęcłerman, Havemann and others,, 
&c. And of our time the aforelaid Fobn Stoffler, Sam. Siderocra- 
res, 'Fobn Sceubelius, Mich. Meſtlin, Fob. Kepler, Will. Schickbard, 
whoſeOptical Manuſcript was freely communicated to us by the 
excellent and generous D. Fob. ab Hobenfeld, a great Lover and 
Promoter of theſe Studies. From which we have collected 
many things in this Synopfis left they ſhould periſh, as much as 
the Scope and Reaſon of our purpoſe would bear, and this 
therefore we were willing to remember, that the ſtudious in 
the Mathematics, might know to whom Thanks is due, if any 
Benefit redound to them from theſe things. 

What remains, is that we admoniſh the Pious and Candid 
Reader in Equity: If by chance ſome things from the more 
unfkilful Workmanſhip, being handled more dextetuuſly by 
others, being received more awkardly by us, cr the 
things themſelves that are added by us, be underſtood to be 
leſs exquiſite, that he would not make too ſharp a Cepſure. 
but that be pardon ſomewhat of the Difficulty of the Times, and 
ſomething of the Weakneſs of Human Nature, and that he 
would ſuppoſe ſomwhat to be left to himſelf, from which ke 


may 


— 
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may gratulate. himſelf concerning his greater Erudition, and 
with us, not to ſubſiſt in the careleſs Contemplation of theſe 
mundane Things, but refer all Things to the great end, vid 
that to God the moſt wiſe Creator of all things, acknowledg- 
ing the Power and Goodneſs of the moſt wiſe Diſpoſition, be- 
ing made in Number, Weight and Meaſure, we may not only 
break forth into Praiſes of him, with a full Heart and Mouth, 
but alſo to mingle together our Manners, to the Pious Univer- 
ſal Harmony, To conclude, being allured by the ſweetneſs 
of theſe Contemplations, we may defire more earneſtly the 
Solution of this Body, and the Felicity of the future Life, 
where our Knowledge of things which is now in part, will be 
moſt fully, when we ſhall behold, not only intimately, 
the things created by God, but we ſhall alſo ſee the Creator 
himſelf Face to Face, to him be Praiſe from henceforth and for 
ever, Amen. | 


T 0 


TO THE 
Candid Reader. 


The New Preface, or the Preface to this 
Third Edition, In which the Reaſon 


is given, of the Deſign of Reprint- 
ing it. 


q Fer the exaft Space of Ten Tears from the fir ſt 
Publication, is come now by chance another Ma- 


thematical Synopſis of that great Man, Johan. 
Jac- Heinlin Prelate of Bebenhuſan, hitherto deſired 
the wiſhes of many : Nor yet without Important rea- 

+ A ſince that (and which of Learned Men inſtructed 
in the firſt place, in the knowledge of thoſe Studies,) it 
hath been acknowledged to be taken from, and to conſiſt 
cf the whole Mathematical Learning, both pure and 
mixt, (alſo, that, they call abſtraft, but this Concrete) 
the better Difciplines being handled with more ſingular 
care than in the firſt Edition : So that if all the other 
work: of this Author by which he hath deſerved well of 
the Common wealth of Learning, and which are very 
and large were loft ; yet this little Book alone, 

has eternally obliged all that have a juſt value for know- 
ledge themſelves, or are concern'd in teaching others: 
For although from the manifeſt Love of his, to the People 
taking pains in learning, the collecting and publiſhin 
of this SYNOP$S1S was in part, yer he was chie 
prevailed upon, to wit, that the Tout hs of Wirtemberg 
ſhould have it as a certain Guide, and that by the com- 
man amd ſollicitons Deſire df the moſt Serene Father 
of the Country, which founded his Mathematical Stu- 
dy, increaſed it, and order d it to the proper Buſine 7 
e Ve vo; 77 


- 
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of Life, Nevertheleſs the Fruit fulneſs and._Dignity of 


this Labour 77 the greater, when alſo the ſame 
was approved of by very many and moreover 
they ſhew'd an cave ih Regard to its Uſes not leſs when 
enjoyed : Traly this little Book cant ains hay ſuper- 


finous, as is uſual ſomtimes, nor remote from Prattice, 


but is a maſt uſefui, gy and raft pr ofitable Treatiſe, 
being loaked into diligently, and i N t ATT 


praiſe it, becauſe the Definitions, 
Theorems and Problems, are — » voſt 
fully, and nevertheleſs compatt together fog 4 well aa 


Series, whence they afford a — n the Mathe- 
matical Studies, 4s appears moft 2 It happens 
that this ſame e ſeems providing enough for the 
Apprehenſion of Scholars, neither * it * oy 
that being made Proficzents, they ſhould lay aſide : 
Book, in dich alſo, thoſe things Fx ſtudied (according 
ro the Advice given in the Old Preface) may be plainly 
under ſt ood. 

When therefore Heinlin himſelf, the Author of this 
SYNOPSIS, while he was yep. alive, perceived that 
this Method of treating] of the MATHEMATICKS, 
rook ſo mightily with Foreigners beyond his Expectation 

(for * was a modeſt Man] and when he was we kw 
informed ſo, by him who had been at the Charge of the 
firſt Edition. a= preſently deſigned and 
New one, le — 
ſhould be done by fome other Hand, before be had re- 
viewed and mended it. Alſo he increaſed either the 
Chapters, or Numbers of Books 
ever for the moſt part, this Philoſopher and great Divine 


u d all things as he deſi 
et Die de an peo © te 


Tear 1660. 
Nevertbeleſs ſome things of which be was b 
by his Friends, eſpecially concerning Geography and 


Statics, of whi ch, both Places ſeem d to require, that - 


ſome enlarging, this @ nap Addition through the whole, 
whereby 


he Copies being every where diſper 24% 


Diſcipline, but hom 
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The Me Preface. 
whereby ehis Book may more truly maintain, the renewu- 
ed name of the univerſal SYyNoPs1s of the Ma- 
THEMATICS,. was not quite finiſhed, but by bis 
laſt Will he committed that gleaning to his Friends, to 
whom alſo he committed the Care of his Manuſcripts, 
and in the firſt Place thoſe belonging to Philoſophy. 

Therefore by theſe, and the ſtrict Bond of the holy 
and by the Publiſher, being oftentimes called 
— the Printer, at length they applied the Hand to 
rhe] ork, and that reſidue which the Author deſigned, 
is annex d to fulfil the Mind of him. | 
And indeed concerning GxoGRAPH , ſome 
Chapters are increaſed, in which the Connexion of the 
Countries is better, they being reduced according to the 
natural Order, of which ſort there is uſually a Wapt, 
almoſt generally in all the Writers of this Diſcipline. 
*T is not convenient to detain the Reader with a longer 
Preface, but concerning Srarics, which, is now 
the fir Time added, it ſeems not foreign to the Buſi- 
neſs, to add ſomewhat more. ; 
Foraſmuch as it bath been confeſſed, that enougha p- 
pears of the Cauſes, why ſome (which Voſſius 416 teſti. 
ing himſelf) that he can ſcarcely unfold tht 
meaning of them, who conſider ST a T1c5$ ſeparately, 
and ſo, not to be a Part of mixt or concrete Mar AHR 
MATICS; the Ancients would; but they preſume to 
* e the pure and meer MaTHE- 
MATICS. Indeed it cannot be denied, but that S 1 A- 
TICS, its Object being abſtratted from all matter, it 
may conveniently be conſider d as they do ARIT HM E- 
Tick amdGEOMETR TY, from which notwithſtand- 
ing it isaltogether diverſe. 3 
Wherefore conſidering the Thing accarately, they 
ſeem to appoint it not only two Sciences which 
are properly MA THEMATICAL but rather three, 


(according to the common ſaying, GOD hath made 
all Things in Number, Meaſure and Weight) ro wit, 


| AkitTHMaTICs, GEOMETRY wand Sa- 


TICS 


The New Preface. 
Tics, of which the former is converſant only about 
Number, the other about Magnitude, the latter about 
ads. 5 to be conſider d in an abſtrafted Manner. 


nd indeed it were to be wiſhed, ſince right reaſon 


adviſes not etherwiſe, that theſe things bad been ſo deli- 
wered in old time, but becanſe this Method of Handl- 
ing, is bither to unuſual, the Author would not too far 
recede from the Old Cuſtom, ſince no Man had done 
it before him, alſo which he acknowledges ought ſo to be 
done; but here alſo he, as elſewhere oftentimes, eſpeci- 
ally in deſcribing the Syſtem of the World (in As T R o- 
N OM Y Book 1 of the SyHztre Chap. 3) bath 
eſteemed to himſelf following nicely ;, if a more diligent 
Searcher ſhould inquire why the ST x T1 c $12 the firſt 
Edition of this Sy No $15 mas wholly omitted, it will 
appear to the judicious Reader not difficult, if he conſi- 
der, that for the moſt part in vulgar Compendiums, 
STAC1CS ære wont to be handled alone, being conclu- 
ded to be ſhewn in ſome Chapters of Book the 2 of 
Practical AxitumnTICH, Part the 2, which 
is written concernins Politic or Civil ARITHME- 
TICK, ſuch alſo as now ought not tobe moved fromits 
Place :however in that Diſcourſe which treats particular- 
9. STATICS, the Jatent of the adding of which, we 
given an Account of before, we ſhall find many 
things belonging to this Science to be there delivered it, 
being aſſigned in order after the Op TIC S. But 
the Author would not cut all things after the manner of 
others into little pieces, and make to each Particle new 
Titles of Diſcipline, yea why he rather more willingly, 
ſcattered in ſome Places either an Appenaix, or by Di- 
greſſion, (ſuch as occurs in Book the Firſt of Theoretical 
ARITHMETIC K, Part the Third of Muſick) the 
| Cauſe he declares himſelf, in the moſt learned Ancient 
Preface, to which we remit the Reader. But the other” 
Iefer Diſciplines ſcattered variouſly through this S v- 
Nos is we deſire him to learn from the Index which 
follows, and ſo bid him FAREWBLI. 
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READER: 


Have carefully, though not curiouſly, diſrobed the Au- 

thor of theſe enſuing diſcourſes, that great Philoſopher 

and Celebrated Mathematician Fob. Fames Heinlin, Abbot 
of Bebenbuſan, out of his Latin Veſture, and put him into our 
Englith Habit; that ſuch an excellent Piece may not lye Cloy- 
ſtered in. the Precinct of a fe Principalities, butzthat our own 
Nation; and eipecially ſuch of them which underitand not 
Latin, may participate of the Hony, this Laborious Bee hath 
brought to his Hive: If all Reliſh not at the firſt Guſt, the 
fault is not in the Work, but their Judgments which under- 
Sand him not, nor the Jewels preſented unto them. The 
Tranſlation it ſelf was not performed without Labour, and 
Sweat; partly becauſe the Edition which was made juſe of 
from Tubing was unperfect and incorrect; partly alſo be- 
cauſe the Author being more intent on Matter than Words, 
on Things than Expreſſions, doth ſometimes leave his Sence 
to be Picked out by the Analogy of his Doctrine; If Moroſe 
and Supercilious Cenſurers ſhall object, Impoliteneſs, Soleciſme, 
inept Cadencies, & Cobeſions of Words and Sentences ; 2 
rities, length of Parentheſes, and other Flaus, e. 
or at leaft imputed to Tranſlations. In bar to ſuchſ Hypercri- 
ticks, the following particulars are oſſer d, viz&That every 
Language hath its Idiom, which is not properly transferable 
to another; That a W no Paraphaſt, we. bong 
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limited to the Sence, and in great part confined to the words of 
the Author, hath no allowable liberty to make excurſions, or 
to add any Explanatory Embelliſhments to another Man's 
Work: It is his province to write by the Copy before him 
(i. e.) to Veſtigate and overtake the Author's Sence, and faith- 
fully to render it, which I hope is here not unhappily performed. 
Several in French, as Perrault, Herrigon and 03anam; (ome 
in Italian, as Bonaventura Cavalerius; Others in Latin as De 
(bales, Tacquet and Dr. Wallis; beſides many in Engliſh as Mr. 
Xerſey and Mr. Leybourn and others, have teftifi ir love 
to their Native Countries, by Publiſhing in their own Lan- 
£uages ſuch rareTreaſures as theſe ; Nor fear I Detraction from 
any, for theſe my Labours, unleſs it be from thoſe, who not 
being Friends to the Publick good, are neither willing them- 
{elves to inſtru the leſs Learned fort of Mankind, nor that any 
one Elſe ſhould do it: I am not Ignorant of theCourſe of the Ma- 
tumaticks writ by Mr. Leybourn in Folio, which is the only Book 
1 kao, that treats of the moſt parts of the Mathematicks to- 
gether z which —_— it be a much larger Volume, and 
conſequently a much dearer Book than this, yet Iam ſure the 
diligent Reader may find here, ſeveral things which are not 
in his Curſus Mathematicus, and allo the ſeveral parts ſo inge- 
nuoully connected and explained, as (I had almoſt ſaid )is poſ- 
fible to be done; ſo that it may juſtly be ſaid of it, that it inſtrutts 
much in a few words. The kind reception that my little Book 
eatituled Mellificium Menſionjs or the Marrow of Meaſuring hath 
met with abroad, hath Animated me to the Publiſhing of this 
Synopſis, which unleſs my Judgment fails me, will prove as 
uleful a Book as ever was writ of this Subject, in Engliſh ; 
Which little Book, I mean Mellißcium Menſionis, having paſſed 
fie Second Impraſſion, I do intend God willing to reprint a 
Thru, with ſeveral uſeful additions, ſome of which I have al- 
ready writ, and the Diagrams are drawn and lye by me; 1 
ſhill-not need to ſay any thing more in praiſe of the Aurbor 
at this Syzopſss or his Work, I leave that to thoſe that Per- 
ruſe the Book; It only remains that I acquaint the Reader 
v ich what I have added in this Engliſh Synopſis which is not 
in the Latin, to make this as uſeful in England as the original 
in Ger many, Viz. at Page 103 and the following, I have com- 
the Hebrew and Grecian Money with the Engliſh; At 
page iz I have added a Table of Equation of Engliſh Liquid 
Meaſure = page 117 A Table of Equation for Engliſh Dry- 
m-aiure, page 118 a Table of Equation of Engliſh Money, 
aiſv a Table of Equation for Troy-weightz At page 119 2 
Table of Equation for Averdupois-weight: At page 125 2 
| 6 Table 
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The Tranſlator to the Reader. 15 
Table of Equation for Engliſh Long-meaſure: I have alſo ad- 
ded the Verſed Sines, to the Table of Sines, Tangents and 
Secants, which the Author makes uſe of often times, altho* + 
the Verſed Sines are not in his Table ; I have alſo added to 
the Aﬀronomical Tables, A Catalogue of moſt of the chiefeft 
Cities in the World, ſhewing the temporary difference of 
their Meridians from London, with the heighth of the Vole 
in each place; Likewiſe a Table of the Oblique Aſcenſions of 
all the Points of the Ecliptick for the Latitude of London being 
51:32. Alſo I have added the uſe of ſome Tables which 
were not Treated of by the Author; and whereas at page 
89 of Practical Arithmetick, I make mention of Bonaventura 
Cævalerim, having adapted his Logarithms to the working of 
the Rule of Three in Sexagenary numbers, which faves the La- 
bour of Multiplying and Dividing thoſe numbers; I have 
been thinking, if his Arithmerical Logarithmical Table as he 
calls it, were continued to 100 Chiliads of numbers (whereas 

* now at Io) in the ſame method as he hath con ſtru- 

itz and a Canon were made of the Natural Sines, 

Tangents and Secants and Verſed fines, to every Tenth ſecond 
Minute of the Quadrant, together with the Logarithms (or 

an Artificial Canon) of the ſame, ftanding oppoſite to them; 

It would be the moſt compleat thing extant, and ſuch as I 

ſuppoſe is not any where yet effected, which would ſave much 

labour to thoſe who have occaſion to uſe Calculation : I men- 
tion this here, that it any Ingenious publick ſpirited Perſon, 

be willing to be concerned in fo good and great a Work, I 
ſhall be glad to confer with him concerning it, for I 
think the is too weighty for one Perſon to accompliſh, 

eſpecially one in my Circumſtance, who am a Tradeſman : 

And if to theſe Natural and Logaritbmical Tables, were adjoyn- 
ed the ſaid Authors Directorium Generale Uranometricum, and 
his Trigonometria Plana & Sphærica, Linearis, & Logarithmicz, 
both done into Engliſh, (which I have both already done) it 
would be an excellent work indeed: ſuch Tables have been 

often wiſhed for by many Ingenious Perſons, one whereof is 

in Print, viz. Mr. Collins, who a page 89 of bis Sector on 4 

Quadrant, the Reader (ſays he) may obſerve how neceſſary it 

is, to have ſuch Tables as have Natural Sines and Verſed Sines, 

&c. ſtanding againſt the Logarithmical Sines, &c. But as yet 

there are none ſuch made as hare the Verſed Sines , hut will in 

due time be added to Mr. Gellibrands Tables; thus far Mr. 

Collins; But I ſuppoſe the Verſed Sines have not as yet been 

added to thoſe Tables, although his Book of the Sector was 

Printed in the Year 155$, Indeed ſuch a chargeable and 
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creat Work ought rather to be done by Subſcription, than 
at the charge of one or two Perſons ; which method I ſuppoſe 
might be encouraged, if reaſonable Propoſals were made, 
and the thing undertaken by any. Which I ſhould be very 
glad to ſee done, and would willingly aſſiſt in doing it. 

And laftly, ſince tis an eaſie thing to be witty in another 
Man's Labour, I ſhall conclude with the Poet, Carpere vel noli 
noſtra, wel ede tua. 
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ARITHMETICK: 


42902 ; 


The, P REFA CE. 


Ae is a Denen preſcribing 
the Reaſon and Manner of hand- 


we Numbers e 
And tis two fold. 


1. Theoretical or Abſtra8t, which acts 
ſeparately concerning Number from all 
other things, in 13 

2. Prattical or Concrete, which con- 


ſiders Number applied to certain . | 
lures, in Book II. 


Theoretical may convenient! y be di- h 
rided into 4 Parts, of which 1 it acts. 


I. Of Whole Numbers. 
II. Of Broken Numbers. 
III. Of Prop ity. 
IV. Of Figurate Numbers. 


0 


THE 


— 


„ 


The Firſt Bock of 


Theoretical Arichch r tick: , 


And its -Firſt kan. 


Nasse is the meaſure of multitude, 0 or 
2. Multitnde"1 15 PATE Wü of many * 


bow togeth 0 
| Une 2 Fender, acc 
ro which, everyone: of them which-are, is! 


4. Numerical CharaRters, are Notes or Figures, ; 
by ach Niimbers-tn0expee ts in Writing. 


1. Notes of Nu are vacious,and at pleaſure, 
yet ſome more expedite than others. 
fe ie Elements of 


2. The Hebrews and Greeks uſe 
Letters inſtead of Numbers : The Rares uſe theſe, 


N. . eh hin N 
"and are m > 
, ant ara 


. CharaQefs are 955 chiefly 
expoding which: ſome will hajo 

Letters corrupt, others from the right, or N. 
ans: to wit, 


1. 2. 3. 4. 5: 6. 7. 8. 9. 0 
4. Of theſe Notes or Figures, the fax: a Ni 
2 28 but n oh o. & called 

ing, or a Cip 5: and by it ſelf ſigrifies nothing, 
notwithſtanding it fills up a place, and W 


- * S 
— 


Book i. 
the next 


Th oy 998 Niro are, rib. 


83/1 Ky 38 23211 ) 

| {bt N 80 71 41114. 10 6 

8 Ak. rind ©: „ b2llgd e 10 | 
Wo. 


E 5 1121 0p. nA 11 
Divinon... 1 „ 99 10 fle 2 1; 


(i; 12 Ci > « X 22728759 


5. Niation, is ; the true «main ang af 
__ number 99 | 


Son 4 p kduftion, is te the ſe prin 


of fo 
1 tþ de . 


ter, that che 
5 2 e 
Multiplicand i 


rence of the two gi ven 


; as there 


are _— . ee 3 e a 2 
the Fat or 
I's Kinds are, 
Doabling, Tripling, ec. 


Quadruplica . 
9. Div, or Partition, is the finding of a Num- 
hay which ſhews by its Unities, how often the Num- 
der Dividing, or the Dividor. is is contained in the Di- 
vidend ; whence the Number found j 
called the Quote or Quotient. 


7 Kinds ov, 1 
. I bs Jin Ag \Triparting, Our 
: B 2 


* 


4 Of. T heore al Arithmetick *. 
4 2 AN omar Number 


other, that nothi 
makes! Ny der de fone chte the Din 57 18 
ſaid to divide, but not to meaſure. + 


( Theſe are commonly called the Five Particulars 
of Arithmetick , the Barbarous explanation where- 
of is called by the half Arabian word Algorithme. ) 


11. An Aliquot Part, is a number of a number, 
the leſſer of a greater, when the leſſer meaſures the 
greater: So 4 is an Aliquot part of the Numbers 
8. T2. 16. 20. 24. 28. 


12. t une Numbers, the leit of the 
greater, when the leſſer do not exactly divide the 
greater, a5 3 and 4 with reſpect to 10. | 


Partl 


ber, when 


| 13. Multiplex or. mani is a number of a 
number, the greater of the lefler, when the greater 
contains the feſſer a certain number of times exaCt- 
ly, and the leſſer meaſures the greater: As 30 is the 
Multipler of 6, which is contained 5. times in 30. 


4. An Even Number, is that which may be di- 


vided i in the middle, or into two Equal Parts; fo 
8 may be divided into 4 and 4- 


15. An Odd Number, i is that which cannct be 
divided in we 2 Inc two Equal Parts, as 


5. 7. 9. 
+ 
— This ways differs b ty from the next even 
nels roy t 


; whence wo odd- Numbers is 
_— an even one. 


16. In like manner, that is an even number which 
meaſures an even number by an even number : ſuch 
ace W by 2. 


17. Alſo ; 


Ba kk 6&5 ww 


E 


number meaſures by an. odd number : 12.6 tag ram 
— — ct 
18. Moreover, © Number is that 
which an odd number meaſures an odd number ; 
as the number 15 ĩs unequally odd. , becauſe the gd 
number 5 meaſures it by the odd 


I9. A Ferſelf Number. is that, of which all the 
Aliquot Parts taken together are equal to the whole, 
7 it o 6 is a perfect number, beeauſe irs 

iquot 


Parts 1. 2. 3. being added, reſt reſtore be 
ſame. 


And there are found but few Perfect Numbers 

among a great n I to 

eee only del : 
6, a 


495 
Va II irn 
: 130816 
2096128 
33550336 


All the reſt u beten cr deficiine + 1 
e 440 


. — 
WW — a a * nd *Y x r * . 9 wa 4 7. p 'T [ — 1 


Requeſts or Petitions. | 


1. That to n we may take a greater. 


2. To HI, Low many ſoever, we 
take . uals ultiplexes. a 


a ook a number cannot be * 
infinitely, but it will neceſſarily at length be 

niſhed . individual Unity; yet all number may wy 
nhnitely increaſed by Addition. 

B 3 Axioms 


4 of Than # 


37-05-24. 438077 an 


 Axionns ad Prini ple 


oe i! 157 Jy N 


key: Nh 8 
— careneaat rad 


«Finn 
will be eq 


l . 
in D WY 
reminder alſo or OO 


3. The whole & cart a fi par co, 
is equal to all the parts taken t 


Unity meaſures every mater by the . 
it ſelf: ſo 1 meaſures 7 by 7. 


E number meaſures it ſelf uni S5 
. ſelf by 1. br — MF 


6. A number meaſuring other numbers, meaſures 
likewiſe their compounds : As, becauſe 4 meaſures 


8. 12. 16: it alſo meaſures 4 the Falk of 8. 12. 


and 16. 

7. A number meaſuring it mea - 
* alſo any number which that meaſures; As, be- 
cauſe 4 ures B; and 8 


4 alſo will meaſure the fame. | . 


8. A- number that. meaſures. . 
which is taken away, will aſs moafire eie mr. 
do. becauſe. 4 meaſures 32, 'wheixe if you take 
— eee 
ain 


„ 


24. 32. 485 


Uni 4 Te 


TOY 3 


of Theoretical 4 riehmetich. 


duct 5 
THFOREMS 


4.5 2 ca 


I. 5 and, end of all com- 
18 ye be from it all numbers do ariſe, and 
it all num refolved : Therefore * tis the 


are 
47 froiri whom all. things 
all daes return. | 


26. Daene is like another, 
but every one differs. So in the innumerable mu- 
titude of Creatures produced from God, no one is 
like to another in every reſpect. . 


3. Unity is 1 eo to no 7877 ; for, whatſo- 
ever is god int! om d ewhat Faber 
from it {elf , * Stick Un Init hath not. 


4 Every number is Mutable; for Unig being 
added or taken away, it is not any longer: the Re 
mer number: So God only is Immutable, but all 
Creatures Mutable, being deficient when God takes 


away his Spirit Like as alſo," - 


things are, and. to 


5. Uni taken away. it neceſſarily follows 
aa all ae rake 2. 
8 10 1 e 33 
W 0 oramt o U know not 
"% Ye . gn yo 
* Theron V are not very wiſe who "oF the 
generality of from number, and take ny 
all Science. 


In Unis n e Viana although 
RN 
they live and move. 


B 4 7 8 Seven 


* 


3 Theoretical Ait. part h 


MT Seven is a Sacred Number, chiefly uſed in Holy 
ture. 

Ir: ſeems to have its Original from the; Inſcrutable 
Unity of Divine Eſſence, and Sextuple in reſpe& 
of the Divine Palin we among themſelves : Wie 
alſo the Deſcription of a 1 by: 40 1 Wind 5 
| file, and cannot be kno 


9. Ten is the Image me of Unix 90 © of 0 


* added sf Nothing, it denotes 
eme u fl to Uni 3 1 3 added 
S order of Numbers in this 


manner. 
10 0116 6122 1 2 
11 1117 7123 8 
12 2 18 od 24 4 
„„ % A © SOS 
VVV Ld 
T5 FE e * Oc. 


10. An Even Number is the ene an Odd 
Number the ſtronger : for Even Numbers cannot 
produce Odd; but Odd both produce Odd, if they 
are either multiplied in thao or being. mixt 
they paves even : and they produce even num- 

f they are multiplied with even ; hence an 
Odd Number is always more worthy. chan an Even, 
as God alſo delights in an Odd Number. 


1 The number 8 continually multiplied , 


II. * dr 
ways decreaſe. 2 * 


— 
Exenple 


Bonk. 


Th nana, 8 multiplied. 
Ne 

ld —— 18 7: 2 & 4 is 

1d "= 7 1 24 — 68 : - 3 & 2 18 

—— 32 — . U. — 9 87 

2 40 — — — {HOG 


--. - * Ml. 
* * . ; 4 
i 1 2 ON * KS » 
A. ; 2 — : 
” < 4+ 44 - . 48 12 4 # Sac: : : E - 
* 


56— —11—2 
—1 
12. The EDT IR g cc ET the 


Fi ariſing th fame 
SEES 22 7 


_— * 


. -» , «þ 
1 4. wo 1 — _ b 4 
o 1 8 ; 1 0 ; 
4 4 ne —— 
* . * 


"hams the 2 8 is the Sy bel of bum 


and Deſtruction: And the number 1s the Symbol of 
— ag Conſtancy : In the middle of the 9g 
numbers, the numbers of the right hand are 


with thoſe of the left hand, and they go backward 


in order. , 
PRO. 


Cd 


wo Of ond wands bit 
PROBEEMS. 


0 Ache care an Number expreſed F ren 
T declared, to-expreſe the 4 
1 2 this and of all the other — 
is learnt much eaſier by lively inſtrucion, than by 
dead and dumb Letters Therefore we ſhall only 
at the chief things which are to be obſerved ; 
| Kas the reſt to che ne Tſe of tr «K&ilful infor- 


_— — —_ 


7 


The things t to be attended i in thi place are, 


1: The ca of babes, proce from the 
right hand to the left. th 
are diſtinguiſhed from the 


2. Every three Fi 
rſt by i + - dafh'*between ; and every 


er the ſmall daſh is. noted by a prick cr 
n er e of the three is eſteemed for 


the bu r decuple or .1o times, the third 
gt or 100 Ter wy nr ng no- 


ted with a aunts” purer rag” mn as Millecuple or 1000 
times ; the 8 of which, any, con- 
ftirute' Myriades or 10 — in the — 2 order. 
4. But larger numbers are by ſome pronounced 
gtrherwiſe, the moſt_ſimple manner, is, if the two 


ſands; to the Lp wedge: . is et re- 
peated. 


| Ea * :* : 


5 The number imployed by res 
unt, which he led forth un 8 
5128 3 220. 


of the whe. 
reeks, was 


And 


points are Pronounced, by thouſands of thou- 


4A - =* 


Roobs!. . bY 

And may be thus read, Five thouſands of thou- 

ſands ; two hvndred' e e ge two 

hundred ande GNP) J 10 = t mY 011 
Ft — Loot? {? 


ene Ih 4 24 Hebre as 
ters 2 — 785 1 LEE 6d and 5 N 8 
1112 ee eee, 9 
— e es hel) 


erwards ( pliers) a Mt de 
rn — e l ebe 

he eck on value: ane EC 4 the two laſt 

e 


N 282 - Example IHE. T3367 82 618; 
"A number extbling maſh tits de rhirkbof''6F 
the Stars is 5 I Srv, ot BY 
342! 474 7465 thit is, nen 

Five hundred thirty : four thouſand of rhowfands 


of thouſands ; Four h. hundred twenty three tho 
of thouſands ; Seven If Fart, 
517 370 od. L844 Bf!) ra 9 


of Stars the Heavefi'doth- not ed 
fl. To add a nunber to a number, or E coll ma 
21 into one Sum. 0g Fi 
on ea e rig dank pp the 
der the ande, wy | 


3. The ight AL or ma hb 
e 
collected into one Sum. 


4. A line 


9 ae 


being dcn online. the fut f 
ofthe colletitc/is/ſet under he Aft Rank 12 25 


be another figure dis fumbred with the of: 
the following Rank, ” tears 
A . 


TY ee 8 


11 


ſ | 


ern A Chronological Een. | 
From the of the World to the es. + Nt 
Deluge or Flood, are years 
To the ring of SR, hay TT pen N . 
To the f ä 
0 ſer 


5663 years 


The Ranked of Abs 


Of the numbers Adel ſubrraBt each from the 
gum, if o remains the Sum is right. 


III. To Subtractf a leſſer Number From a | greater, 7 
and to 12 5 9 7: hem,” or the re- 


mY order p- ihe ogh hand to 1 
ut: raking the from. the gra ter; the 
— number keng i Place above, the ie ler be- 
nea 

2. Like numbers i in 2 Minocand tae? writ under 


their like, chat are to he Subduſted. | 
3. The lower being taken out of the upper, and a 
line drawn, they are writ under the ſame 
* 8 be the leſſer, ten muſt be added in 
che mind from de angcotent fines eaten | 
rg: point) to be taken together. ;- | ; 
5 And it muſt be leſſened by unity. inthe follow- 


becauſe of this mutual batrowing 5 
28. e ſt to accoun- 


1 


Book 
47% Tod 


4 a 5 15 
l | 
3 is it , = the Deluge or Flood? | 


eginning, of the World 
to the Year AG Eat, is years 5663 


The e Flood hapned in the year of the Workd-1656 


This Subrkfied! tos thit weg- 85) 
And ſo many years it is from the Flood to this pre- 
— of — 5 1 


1 2 it fence ChriftSuffered? Auſia 
The ye year r of the Chia ping 


We: number from Sn of che World 5667 
n in the year of the S 997 


The 8 0 | 
The Subducend— 199876 9246 


The . A LOnnegy * 4 


— | 


- 1 The 8 of 3 4 
emainer added to the Subducend, if the Sum 
14 Minorand, tis right. 


IV. Two Numbers given, to multiply. one by ae ater, | 
or to draw one imo the othe . 


To the of this, the foreknowledge of 
ingle M 8 to wit, of fngle 
ane: . 


2 LET 


10. 4 10— 100 


„ 


-- a — 


FF 
Multiplication. _ 


12 * * . 1 5 1 F 1 
4| 6 | 8 [10 |12 | 14, 
6 1'9 | 12 | 15 [18 [21 


| 12 T16'| 20-] 24 [28 
35192. i 30 (35 


— 


— 
1032 FO — 


+> 
1 HN 68 28 
1 


A 


14 | 21 12 | 
16.1] 24 | 32 | 40 | « 


"18 [227 1:26 [45 — — 5 


8a | & [1 


Tx 
O 


| gl 


Booki Of Na eee. 


5 
I. The ads in bd Rand 0 hand to 


the left. 0 ; . 
2. In fignificative Eigures, the firſt Figure of the 
Multi n firſt of the Multi- 


* the ſecond u ſo on. 
ry Figure 30 5 Multiplicator muſt be 
multiplied by T one of the Multiplicand, and 
. bs the 22 Figure of 
is writ — the Multiplier, the other 


is kept in memory, and added ue the iollowing Fro 
duct. 
r 


Some Rules ſerving. as — in Calculation. 


ha notwith- 


| | HAN 
Therefore Cypbers at the 
_ the Operation; and 2105 the 


miſt achoin Þ:many as you out off, 


are cut off 
ion you 


98 OY 
—_ 


FO — 


O 


ann 


18 
= — 


| Of Theopertal mee Part L. 
Example II. I 


The Sum-—125 T4914 


a mene 


Example II. | F) 
kee: ant 
Multiplier — *- 

The Produft—110226000 Es 


_ — 


| / . TV. - . 
Multiplicand——-47 8912 
Multiplier 


The ones oo 


n 


Hae 


mn 


v. To Drvide one Number 5 anathrr, or to Diſtri- 


bute one into another. * 

i. This order is contrary: to the. former, proceed- 
ing from the left hand to the right. 

2. The firſt figure of the — be writ 
under the firſt figure of the Dividend, if it be leſſer, 
but under ——— 

3. Seek how many times the fult figure of the 
Diviſor is contained in the Superior figure of the 
Dividend? and write it OY IT He 


Lunula or Semicircle. 
by the Quotient, and 


4. Multiply the Diviſor 
ſubſcribe the Product of the Diviſor. . 
5. The ſame Product alſo you mult ſubtract from 
its ſuperiours of the Dividend. * 
6. The 


Baokſ; Of Theovrerical | Arirhomerick. 17 
6. Dr rr 
3 figure of the Dividend. |} 
ivides being — gray t 
arr. d ofthe D be 


8. have be a remainer after the Diviſion 0 5 
muſt be always leſs than the ana) that muſt be 


adjoined to mer otient alſ 
4 again fi müll, 


to which 
the Diviſor muſt , L ah 
between. 
For this Remai is a FraQtion, or part of the Di- 
vidend. either an Aliquot or Aliquant part, which the 


Diviſor 


UTIO NS. 
2 W the Quotient be taken neither grea- 
ter nor leſſer than juſt; which being multiplied into 
the Diviſor, may oduce a number either equal, or 
next leſſer to the Vertical, or number over it, to be di- 
* that ſo Subtraction may be made. 

the Diviſor, being removed, and the ſuperior 
Vertical, or upper number, to be divided, be leſs than 
the Diviſor, you maſt write a Cypher in the Quotient, 
after the Lunule, and aflume another figure of the 
Dividend, and remove the Diviſor forward. 

COMPENDIUMS. 

1. Unity, as it doth not Multiply, ſo neither doth 
© Wl it divide, but reſtores the Divdend it ſelt, yet cutting 
D 28 Figures ben belonging to 

ty 


2. The extream Cy 
laſt figures of the Di 


of the 2 under the 
are and the 
* inſtituted _ figures only, — 


til you come * phers, whoſe Verticals are 
all to be added to the Remainer 12 


3. If the Diviſor be 2, then you inſtitute halving 
axcouned for rad br he Lt ry f the Oddis 
accounted for 10, and muſt in mind to 
tollowing figure. C 4. If 


The Dividend 7744539 
The Diviſor— 2864 

5728 
220166 


(27041 3175 
| | 


; I 


* — - 


thei Sade 
met Example III. 
Divi — 9842 (2 = 
Dink 67984: (954 


51 


QT - 3-4 
1 


Exengle W. by Hh x 
Dividend — 3842009 | 
Diviſor is 2. 1 11471217 b Saw i 


Example V. Of a Diviſor of one Figure. 
AAT (1 


' Dividend—S7g # (226473 4 
Diviſor—Z 3 33 23 8 


Example VI. Of a Druiſor of two Figures. 
4402 
Dividend Fry (19563 
vidend— 195 
. 


Note, If when, as ſometimes it hap 2 leſſer 
number is to be divided by a greater ; ample, 
3 by 4, pace the leſer above the greater in the 
manner ou have done, otient w 

be a Raben of a Whole Namber. - 


C 2 The 


Fa PROBLEMS Part x 


The Examination of Dyviſon. 


1 Multiplication ay Divider examine each other: 
or, 


In Matt iplication. 


ad, dhe Mulcplicrg if the Produlk be plicand, i 
uces the Mul Produtt he divided 
the DA it produces the Multiplicand. 


I Divi ſon. 


If che Diviſor be multiplied by the Quotient, it 
produces the Dividend, bat you muſt add the re- 
mainer again, it there be an; unleſs it produces the 
Dividend, you haye committed an Error; and if it 
goth, you need not doubt. 


> » 
48 'Y « + 


bar | 


SG > CTU @ 
i The Firſt Book of 
Theoretical Arithmertick : 


2 


»# 9 * * nne, „* 


Definitions. 
" whole Number is that whereby we num- 
ber whole things. | 


* A Fraclion or 2 Number, is that which 


aſſign for a Hare of parts parts of any whole thing, It 
is 821 5 wont to be called a Mite or or abe, becauſe 
theſe things are broke into ſinall parts 


: And th 
are uſually writ with two Terms or 12 wi 
a ftroke or daſh between them, of which the upper- 
moſt is called Numerator, and the lowermoſt De nomi- 
natur. | 
3. Namerator, is the ſuperior Term of the Fra- | 


CCW 


4. Denominator is the inferior Term of the Fra- 
ion, diſtinguiſhed from the ſuperior by a ſmall line 
between them, ſhewing into how many parts the 
Integer, or — thing is divided. 

| Example. 
Numerator— 34691 
Denominator- 458102, He. | 


5. A Frafion of a Fraftion, is that whereby not 

an er is deſigned, but a part of a part, or the 

parts two diſtin Ftactions, the leſſer being placed 
re, diſtinguiſned 7 a Comma from the greater. 

C 3 * Examp. 


. 


' DE FINITIONS of Pal: 
RON og paw of. 


E 02ne EN TY 
i oh one Rar ro Or 55 two * 
6. A Pri 
me ce divides it er, which Ul rn 


meaſures; or it 
P e 


remaining ; #ach we 3 . 

7. N ber, s Penes 
1 Unity only meaſures, as Fs 7,9: as J 1. 
2 , 


umbers betwet themſelves,” ar8 
che all of N r Alſo will mea- 
ſur © befide 4 4 both 


ie 


ure, is the greateſt 
8 which 


given Numbers, 
— between themſelves, are exactly divi- 


ded : As 90 and 24 be divided erg 1 . 
by 2, 3. and by 6 ; but 6 „ the — Com: 
mon Meaſure of them ; for no greater & Diviſ iſor can 


8 of gs by which 90 and 24 can be erat divi- 


- 11. The leaſt -Common Dividend, is a Number 


ompounded ; the leaſt among thoſe which will ex- 
afly divide the given Numbers. + 


There are two Numbers Siren, 13 and 27 he 
_ thele two, more Numbers may be divided exactly. 

to wit, 1404, 1053, 702, 351, But this laſt is the 
leaſt common Dividend which can be divided by 13 
and a 27 bencath which no e can be . 


Axioms 


N eee 23 


HD. 


4 * 


_ let Arioms idee, 


HE Number wah eren Fren Num 


As the Nenber 5439, the Rates collefted con- 
Number — be diyided b EY 
um 0 1855 39 May 3. 
3. The ſame 4 Ld; 225 Malaber 9. 
So becauſe 4869 — 25 a number divifible by 9, 
therefore allo 4869 may de divided BY 
4. The Number 4 meaſures every Lumber, wh 4 
two firſt figures, 4 from the right hand, 
faid Number 4 meaſures. . | 


69816, the do firſt figures 1 16 be divided 
by +3 ; therefore alſo the: whole. mY 
The Number 5 mes eaſures every Number, whols 
| fult 6 gure is 5 or o: fueh are 4715, 1600, 2430. 


6. She Number 6 mcafites every Even Nurnber 
wn ”— "_ meaſure. ' 


n 62 is meaſured by 3, by 
the bc Ol e 6 will alſo mealure 
the fince it is an Ever Number. 

7. If of a propoſed Number, three of the firſt Fi- 
pus 
ded by 


* 


! rom the right hand, the balt may 
41 by 4, the Whole Number may be divi- 


We tee ft "— 


O l Exanf. 


. of Paet II. 
Lot 1. 


8. N or x 9" whe 


they decreaſe in quantity. 
80 the E 
becauſe its tor is the 


* Parts or Fraffions 2 5 Nena N 
IE in Quant 
A s. 5 J, becauſe. its 


2 mos 
* 


. 4 is the 


— 


* _ 23 


„ —— 


PROBLEMS. 


L FOES SUR given, to know aku or 10 
8 -o Primes or — bertoeen them- 


1. Divide ** the greater by the the lee, both 
i the given, and in the 8 
Unity remains, they are If Nothing 
remains, they are Compounds. 


Example I. 


Given the Numbers 134 and 49, and you would 
know whether they are Primes or Compounds. . 


Then always divide the greater by the leſſer. 


134 (2 | 49(1 | 36(2 13061 J 1003 
49 | 36 A | 13 10 |: 3 
_, . bi 


3 


6 
# o 
Z . 
| Then 


a——_— I Tc a hd 


Nb Arttbinetick. 


en Hey ar 


- Always dic be gene or the I 
| _ 330(2 e (2 280 
27% 12 


4 Ai! — 11 — ; 
% 


60 ov . . 
- 


; 


Then becauſe after all APSR no 
left, it argues, that the Numbers given are 
pounds berween themſelves : The fame is done, if 
one after another .yau SubtraCt the leſſer from the 
greatet, until you come to 1 or o. 


II. Of given Numbers, being nds between 
eden whether they are two-or more, to find 
the greateſt Common Meaſure. 


1. Of the two given Numbers, alwa 1 
cater bes this lain. f 
2. * 2. The lll b e waltn all even to o, is the 


greateſt 8 

3. Wich this compare the third of the given 
Numbers, if you have a third Number, and proceed 
in the manner: and alſo proceed. in the ſame 
manner, de Numbers. j 
4 Far then the laſt Diviſor, all being walled, will 


i the See Common Meaſure of the given 
Wy 4 Example. 


26 FROAL BIS of * 


Given two: Numbess 2841 
meaſure of which is fought : 


6 E 
E ZN 144 (1 7 720 23 220 I 


CET, 


So 


O 


Then aner the laſt Dont (all being waſted) i 
Ew; et 
* 85 — 1 3380 


> 4nd 


III. Given S Nunber e wore to find the leaft 


of the ſame. 
In e that * Prime b en them 
a ar s betwee 


1. Multiply the two r in them: 
n chere are = ihe Product into the 


2. The laſt Product is che leaſt Common Divi- 
dend. 


In Numbers Compounded 1 themſelves. 


1. Firſt find the greateſt Common Meaflite, * 

2. By this dividet the reſt of the given Numbers. 

3. * Quotient into He other ef the 
given Nu 
44. The Fact will be the leaſt from Dividend, 
with which if you compare any. third of the given 
Numbers in the ſame manner, you will haye the 
leaſt Dividend of the three given Num x 


Example. 


an ohne Agric. wy 


y Given the — 2nd 45 
* Meaſure Bro — "i9 © x 


W. ge! PR n 4. Rte EY 
4, Oo Fraftion is either greater, or equal, or leſſer 


than an Integer; even as the, Numerator is greater 
nn Tis thus, ; 


aa 7 © 


2 To the Integer. 
Greater. ra Leger 
Nero Tr 5 
* 2. A Fraftion that is 3 and equal-t6 
a0 Imegr — reduced to the 
N- er 
he Io . And. to. find between two proper Fraftions, 


: which 3 is greater or leſſer : Work thus. | 
i 1. Draw the Numerator of one into the Denomi- 
* on the other Croſs-wiſe. 


which, that which eh 1 the goo 
Naben tor, is the greater. 


1 Q 


he Example. 
There arę given two Fractions. Ry. 

d, By Multiplication they make 48. 49. 

* Ihen ſince the Numerator 7 produces the 


ber 424 I corclude that the Fra: tion 5 155 ge 
ter than ;; 


le, 1 5 v. To 


P Nonne Nen 
v. To change one Frattion inte axother. 


1. To change ane that is greave than, or 
equal to an Integer, into an Integer. © 


\ 


Eren len of ul Fo fuſe 
as 

2. Numerator be than the Deno- 
minator, divide it by the : fo will be 2 3. 


2. To tranſpoſe or change an Integer into 4 Fra- 
ian, no certain or being grven. | 


Io the Integer 5 ſubſcribe V ts this me 4. 
3. To change an Integer into a Faftion 4 a cer - 
tain Denomination given. 


I. — the gz fr Example, 5, into the 


en, which fu 
EI 2. The Pr uQt will be the umerator of the gi 


ven Denomination, to wit, - 


4. To reduce a greatr Fraffion, to the leaſt Terms 
that are Equivoale 


Fur one and the ſame FraQtion 


divers ways, among which, that is noted which 
hath the Terms : Therefore, 
I. i all the Taz any wen, half them as often 


as you can: As, 


be expreſſed 


8 
64 32 16 8 


All theſe are one and the ſame Fracti 
nnn is the moſt notedſt. ” * 
2. 


1 
2 


n Theoretts! Arizbengich. 
r 
Number, caſt. them away 3. AS; -. 

goo is the fame a8 5. 


3. If the Terms of a Faction ran ave "Can 
ne gen, 


I. Seck their greateſt Commori Meaſiue. 

2. By this divide the Numerator and Denomi- 
— as 
OO CE WEAPAIEYRS , 


3x hath the LIED 24, by 
which being divided it produces 4. 


NOTE. 
e 
— 


n are Primes 
 lefleved any 


between themſelves, 
further, as 11 and 2. 
5. E change one Frodfion into another equal 10 it, 


of a A; * N. ſumeratvr, or Denominater, Yi it 
nay 

1. Let the given Frafikambe 4, to be changed in- 
to another whoſe Numerator is 9. | 


* Multiply Dr. of the given Find 
on lumeratcr given, to wit, , 
and it makes 36. T0, * 
2. This Product Livide by the Numerator 3, of 
the given Frattion. 
3. The Quotient, to wit, 12, will be the Deno- 


— +2, which is the ſame 


2. Let the wen Fraction be t be changed i 
o another whoſe Denorinaro 312 4 "I 
I. Mut- 


NL EMS vo den 
- 3. Multiply — to - $0 


2. Divide this Prod by the Denominazor of 


22 Frachion 4 
eder 9 will be the Numeratoe of un 
dedbel Fration v: Fraction TH being the {ame as + 


- Note, If the Produft cannot by na- divided 
thete can be no change made. | 


6. To reduce a Nu umber mixt, of an Integer — 4 
Baer into one FPrachion. 
I. Draw the 


£Inceger into the Denominator of the 
Fractiod. 


the Numerator to the Product: Thus 33 


. 


are . 


7. 77 1 ” Baden of. 4 3 into 
Baia with reſpeT to ſome Integer. ; 
1. Draw the Numerators one after wa 


themſelves, and in the ſame manner the Denomina- 
tors alſo. > 5 oe 


2. The Products will give the Fraftion of an In- 
tegar, comp them doch: ſo from 4] J are 
If you have a third Fraftion, with” this, 


made +5 
and thoſe, work i in the {ame manner. 


8. To reduce two Eraitions of divers Dela | 
110ns, or alſo more; to others 4 the yo Das 
tion, 9 3 

„ caſe. Is 


da: 


I. e Ps an. 2 
lache will have new Denominaro? common to both 
ratti "Mb 


2. Mul- 


: Rod the Nuneraies drawn Cre into the 
Amer Denominators wake 10 200 42 for new 


Numerators. 15 
II. Caſe. 

F there be given three FratFions. 
.Y. Draw all the Jenomminato 


to wit, the Firſt into the Second, and. this 
into * Third, that you may have a Common De- 


nominator. 


2. Divide this by each of the given Penotninators. 


23 Draw the produced Quotients into each of the 
Numerators ; and it will produce new Numerators 


to be placed over the Common Denominator. 

__ * "Example. | 

Let the given Fraftions be 5 [4 |, to be reduced 
to the faite N n. 


Draw 3 into 4, it makes 12; and 12 into 5, 


1 which pumber will be the Common De- 
nominator. 


2. Divide this by th 


by 3, 4, 5, and you 
20, 15, 12. 


. Denominators, to wit, 
* thefe Quotients, 


3. * 


PROBLEMS: Ann 
- 3. _——— —__—_ XX 


wit, the given Numerators, 
ny ron — 1 0 — 
ced over the Common tor; thus 22 [4 255 


which FraQtions are equivalent to the given 4 ir 714. 
Note, Firſt, If the given Nenominators are Com- 


e Gen Meri by Probe Me 8 | 


cond ; then Divideod by 

blem the thir aud Laſtly wert 

Hood manner, you will D Fractions 755 
e Denomination in the leaſt E 


4 | Behle. 
1 Let there be three Fractions +|4 [:7, to be redu- 
ced to the ſame Denomination. , 
| If then, without the greateſt Common Meaſure, 

and the lea CommioniDividend, you work hier the 
manner of the ſecond Caſe, you will produce theſe 


Fractions. 


288. 360. 336. 
SAN Equivalent to the given 44rÞ 
0 57 5. | 
But if firſt you ſeek the leaſt Common Dividend 
of theſe three Denominators, which is 24, you will 
have it inſtead of a Common Denominator, and then 


Bm as above (in Number 2 and 3) you will 
— Fractions in theſe leaſt Terms. th; 
a "5 15. 14. ue Ra 
* — : 7 
This reduction of the divers Denomitations to * 
ſame, is neceſſary, if you would collect many Fra- 


_ either * added into one Sum, or © 4 | 
U N 


Theoretical Arithmetick. 33 ü 


Add the Numezators, and tis Hong, as 2: and 2: 
VII. To Subtroft Fraffions of ons Denomination, 


one from another. | 


Subtra&t the leſſer Numerator from the greater, 
and you have done what's required. 


| 33 | Example. 
From 22 take away 22, and there remains 3. 


VIII. To Multiply any Freftions by others. 


That is done by drawing or multiply ing the Nu- 
merators into the Numerators, and the Denomina- # 
tors into the Denominators, in this manner. 

_ Multiply + by 2, and it makes ;+ 


IK. To Divide one Fraftion by another. 


1. Invert the Terms of the Diviſor. 
1 2. Then multiply, and you have divided. 
+ | Example. | 
To divide £ by 5. | : 
Multiply f by 2, invertinz the Terms of the 
Diviſor. | 
And it produces —— 3+, or 12 


9 The 


EL. crak TR 

mee Firſt Bookot 
Theoretical Arichmetick : 
5 And is Fhird Part. | 


* 


Definitions. 


1. DRoportion in Numbers, is a certain mutual Ha- 
bitude of two Numbers according to quanti- 
ty. In Greek tis called Analagy; in Latin, Ratio, 
in Engliſh, Reaſon os Proportion. | 
2. The Antecedent of Proportion, is a Term which 
to another. | | 
3. The Conſeguent, is that to which another is 
#referr'd. | eee e | 
That is writ in the firſt or upper place ; this in 
the ſecond, or lower place; having no mall line or 
daſh between them, that ſo they may be diſtinguiſh- 
ed from Fractions, with which in many things they 
agree. a 1 
And Proportion is either of Equality or Inequality. 
4. Proportion of | Equality, is between two Equal 
Nu as *. | | FE 
5. Of Inequality, between two unequal, as 3. 
That is of one Kind : This, of the greater or leſſer 
inequality. | 
6. The Proportion of greater Inequality, is when 
4 greater Antecedent is compared with a leſſer Con- 
jequent, aS fo | 


7. The 


poxtion of 
but in P 
ber he a 


Equality it is always writ 2, 2, 
ion of Inequality it is a double; Num- 
a "either agle, or of an Integer and 
The Kinds of Proportion, of greater inequality, 
are Five: _ 

1. Multiplex. 

2. Spperparticular. 


3. Super partient. 


8. Proportion Multiplex, is the Habitude of a 
. umber to a leſſer, when the greater Num- 
er contains the leſſer ſome times exactly, ſo that 
if Diviſion be inſtituted, nothing remains, as 2, , 

The Denominators of it are, 

5 1 1 2, Sr. That is, 

8 TR 

Double, Triple, Quadruple, Quintuple, Sextuple, 
and fo in Iaſinitum. | : 
9. Proportion Super particular, is the Habitude of 


2 greater Number to a leſſer, when the greater con- 
tains the leſſęr once, and moreover one Aliquot put 


4. Multiplex Superparticular. 
5. Multiplex Super part iem. 


of it. 
| The Denominators of it are, 
| . 
One and an half, One one third, One one fourth, 
one ifth, c. ad mfinitum. 7 
5 D 2 10. Pro- 


of 


36 DEFINITIO NS ef Part HII. 
10. Proportion Superpartient, is the Habitude of 
a greater Number to a lefler, when the greater con- 
tains the leſſer once, and moreover ſome Aliquot 
parts, expreſs d by Numbers that are -Primes be- 
tween themſelves. [+ 
The Denominators of it are, 


* 
5 


17 


| I; T vs 

tient, Superquintupartient, Superſextupartient. 
8 Eight f Pots and ſo 

ad Infinitum. 


Note, That Aliquot parts ought to expreſs Num- 
bers, that are Primes between themſelves : For if they 
are Compounded, and are Meaſured alſo by any 
other Number Unity, another kind of Pro- 
portion ariſes : Example, the Proportion between 
9 and 6 is not rightly called the Proportion 13, or 
Supertripartient Sixths ; becauſe 3 and 6 have allo . 
a common Meaſure es Unity, to wit, 3, for 3 
once taken Meaſures it ſelf, and twice repeated it 
Meaſures 6; therefore; muſt he reduced to its leaſt 
Terms ;; and ſo the * "ox between 9 and 6 
makes 1 ;, that is Seſquralter. E ee 

11. Proportion Multiplex Superparticular, is the 
Habitude of a greater Number to a leſſer, when 
the greater contains the leſſer a certain Number of 
times, and moreover one Aliquot part of the lei- 
ler. 1 


The Denominators of it are, 
2.4. 37 3 4 2 3 of 
Double. Triple. + Quadruple. Quintuple. 

Se/quitertia, Seſquiquinta, Seſquiſeptima, Seſquinona, 

12. Proportion Multiplex Superpartients, is the 

Habitude of a greater Number to 4 leller, when 

* % 3 the 


neee, Aries. 1 
N 
qe: ne iu Fr umber of 


uot Parts of it ex- 


5 tht ar Fries beewern them 


OY = 
CONE: whe Es 5 
Double. Triple. -» -- Quintuple. 


Superbipavtient, 3 Super ſexctaparrient. 
Thirds. a Sixths. | Sevenths. 


13. Pr dan Afar Loa iy, is wien the 
2 — a leſſer Number, is een 
with the Conſequent, being a greater. 

Its kinds are ſo many, as of the lon of 
greater Inequality, which are advanced li kewiſe in 
the ſame manner, only ſetting or writing before 
the Particle Sub as, * — Subtriple. 
Subſeſguialter, Swbſuper — * 

call it, be Half 


14. 1 or as ſame 
of a iddle between two, is the com 
paring 0 — 2 


nge, ＋ 


If we compare the Re i 5 12 and 4, 
with the Proportion between 9 and 3, where the 
Proportion is on both parts Triple. 

Ihe more noble kinds of this are, drithnetical, 
Geometrical, Harmonical. 


15. Arithmetical Proportionality, is, when Three 
or more Numbers have the / fame difference from 
each ather, but divers Proportions : And this either 
continually, without interruption; as, KID 


2. 4. 6. 8. 10. 12. wi”es.# eee 
Progreſſion. 
ST 93 Or 


DE III rinks A Part Hf 


4- 9 
15. Gammbetricat n 18 . Thiee 
or more Numbers have the ſame Proportion between 
themſelves, but divers ; And that alſo, 


either Continual, as, 2. 4. 8. 16. 32. 64. 128. 


Which is called Goolgettical Pragrellen 
| Or ſeparately, 28, L. — 15. 18. 


7. Harmonical or Muſical Progartionntn is, 
wwhen die Numbers having beitet the the Dif. 


* 


12 3. . 5 
and 3 is'doudte portion diſſtrence beriveen 
and 6, is two; * 8 — 
L 5 bettteen which eres TR . 


- 
tion is Hkewiſe double. 


= 
N CYFPE , '} WY rTPri 
— * : * 


THEOREMS 


F there be Pro onal Nambers . 
| even as one df the r 
Conſequents, ſo is all the Amectdents takeh rogetber, 
to all the Conſequents taken together. ; 


Example. 

270 4; likewiſe 6 to 12, and 7 to 14, are in Sah. 
duple Proportion. 

Theretore alſo 2. 6. 7. taken tc ogether, to wit. 15, 
they have the farhe Þioportion To . 12. * n 


together, to wir, 30. 
2. If 


— — 


O's meh Airbase. 39 

Lowe © roport onal be- 

node wi lhe ale By — 

WAR hap? aft the third is ta- 

. el inſte ſecond, and the 5 e of 
the 1 


As when 2. 3. 4. 6. ate Pre 
1 will be 


F four Numbers are Pr rttonals, 2 2 
al ts roportionals alſo, * are oy 
or in a contrary reaſon; if, to wit, the ſecond is ta- 


ken, or aſſumed inftead of the firſt ; and the fourth 
inſtead of the-third. . © 5 2 


4 If four Numbert are Proportionals. they will 
a be Proportionals in 4 comet a, reaſon y if, 


zo wit, the two farmer be t thy alike, tage- 
ther with the firſt ar ſecond 7wo latter ta- 
Ren 755 joint iy ali together with the third or 
fourth. 
As when——2. 3. 4. 6. are Proportionals. 
Alſo- -5. 2. 10. 4. will be Proportionals. 
1 3. 10. 6. will be Proportionals. 


5. If four Numbers are Proportionals, the exceſs 
1 Aﬀtecedents to their Conſequents will be 
2 to wit, by erode reaſon, or * 


Example. 
Since — 3. 2. 6. 4- are Proportionals. 
Alſo— 1. 2. 2. 4. will be Proportionals. 
Or alſo-2. 1. 4. 4 will be Proportionals. 


6. If four Numbers are Proportionals, they will 
175 Pr tags alſo by 5 Srber i 1 or 


4 Evert- 


4 7 H E O 5 * Part m. 
Everting the Proportyd ry, wat, compare the An- 
_— with the E eaſe, yt the, Antecedent 


eeds its Conſi Hb 
7 ro. 6. 20 12. 'will be words 


Pro to yo th fifth : 755 
fo the fifth to the ſixth : It will 2 4 40 As the kf 
to the 7 bird, A the fourth to the Sixth. | 


Mo Example, 3 
Let there be three Numbers 2. 4. 6. 
Proportionals to theſe three——————3. 6. 9. 
do that it is A$-<—————2 [0 4, 803 to 6. 
9. 
9. 


— — 4 de 6, 80— 
GO: erefore ally, as 2 to 6, 9 
8. H four N art Pr Le, ibe Mb 
a Hard e 1 fourth drawn 
into W be e 2 to that which. is malt 
* the ſecond and third drawn into themfetves. \ 
Example. 

lun des be 1 8. 14 16. 
As 7 drawn into, of multiplied by 16, gives 112. 
So alſo 8 drawn into 14, gives 112. 


9. If of four Numbers given —— Ja f is to the 
fourth as the third to the * the fall from the 
ſt and econd, will be equal to 'the fall from the 
107 an fourth. 
Example. 


| Thete are given four N 6. 4. 8. 3. 

Becauſe between the firſt and fourth there is dou- 
ble Proportion, as alſo between the third and the 
ſecend; therefore alſo as the fakt from the firſt 


AY . 41 
4, fd alſo the fiel from the third and 


— wil ale 24. 


1 | _ 


PROBLEMS. 


L RON any i given, bs Bak tbe 


Proportion 7 the ſame by "finding the Deno- 
_ 


MB, Lfhs gona: P by tho 1 if of 
remains, it is tiplex Proportipn, 
= N es of the Quotient will 


le. 

What is the rtion of 21 and 7 ? | 
It being divi the Quotient is 2. 
Shewing the Proportion is Triple—3. 


2. But if after Diviflon, any thing remains, that 
will be a Fraction to be added to' the Quotient, 


which being cofuced to the leaſt Terms, will give 
nan ondary canon mm”; 


Example. 

bat L. l is there between is. 5. 

| Ie being Tired, , the Quotient produces— 3+ 
ore the Proportion is, Triple, Supertripar- 

tient Fifths, 


1 Note, 2 ions of the leſſer Inequality are 


e manner; but in D them, 
the 8 Sub muſt be added. as the Proportion 


between 
Fifths, 


OT I WY 


5 and 18 is ere, ; Subj wpertripartiens 
II. Any 


a> PROBLEMS?» Parti, 


II. Any two Numbers being given, having Propor- 
| * between themſelves * find the Root or 


Teaft Terms of the ſame Proportion, which may 
reel by more Number. ; | 


1. The Proportion found by. the Denomi- 
nator of it, — Probleny 4 


3 If the Quotient be fingle, — 4 no Fraftion f 
che eg put Unity over or under i a 2 
the n is of greater or laſer ty; a 
you will have the lealt Terms. 5 8 


2. But if a Fraftion adhere, being reduced t6 the 
lealt Terms, convert it into one Fraction, with the 


Integer, and you wil WN 1 Terms of i its g 
Proportion. 
Exonple. * F 
t. Of the Proportion 8 72 a 
The Denominator i- — 
"Therefore the leaſt Terms is 1 
2. The Proportion between :! A 
The Denominator is — 21 8 
By Reduction to the leaſt * ermS—— 2 +? 
Therefore the leaſt Terms are ——1: n 
1 


Nze, If the pro portion given be of the leſſer 1 In- 
equality, the Terms 2 are to be inverted. 


Fr the leaſt Tetms of the Ee i 
53 —— 


23 


* — =” ba 


m. The lea Terms of a P, ortion being give 
to 2 the Hog ny Prop "_ 


Multi- 


LD vs 


* , 
44 Þ . 4 . err 
/ » N we 19 


| Norm, #:Hher we n . 2 
| 5 5 to the Jae, 
£4 


Multiply the given Term by the oke & 


goat gee. by the 


the Contrary 
2. Divide the Product by the other Tem of the | 
"Se es Ef her 

to the given Tertn in 
* — E In gi 


' Example | By 

Lat the Proporticn ven be double Sefe itertia- J. 3. 

And Nr for 8 
What is its Antecedent in the ſame Proportion? 
Anſw. Draw 7 into 24, and the fact divide by 3, 

it produces 56; and the Proportion will be the 

{ame beten 56, 24, which is between * 


| Example II. 


Let the Proportion ven be Se/qui Eighths—9, 8. 
Alſo the — Term Za — — 36. 
What is its Conſequent in the ſame Propor- 


„ Nrion? 
Anſ W. 


it 


: . 
N 
; . 


| * 32, as between 9 


V. The Ran 


; 
N 
2 


of the Conſequent, in a given! 


„ AROBLEMSS Pall 
Anſw. Draw 8 into 36, and. the N 
by,9, 95 it produces the. Conloquent 32. WEE 8. 


Note well. 1. Th? Proceſs is the ſame, wh 


=" Frattion Frafticn Tone Nen en en 

n Numerator: a, Rake 

we have own v lg Fax; the Second, oblem 
e 


the Fifth, Member 5 
2. And that you may ſhun Fractions, ſuch an An- 

tecedent muſt be given, which is Multiplex: 

Antecedent z and ſuch a Canſe 


will be produced the like Multiplex alſo, of the Pro- 
portion given, to che Term ſought. 


of two 8 being given 
to know which is the greater. 517 ©, - 


x.” Reduce the given Denominitors to their Num: 


; * N Problem the Second. 9. 


ultiply the Antecedents Ces vile into the 
Conk uents. 
hoſe Antecedent produce mf that Pro- 
1 is the greater; ** the ſame as you have above 
ro 


in Part the Second, Froblem che Fourth, TR 
the Secand, concerning Fates 


Example. 
There is given Seſquia/ter 1 5, and Sepertipr- 


14 ws 


tient thirds 14; Which is the greater? 


Anfu. The Denominators reduced to their Num- 
bers are } and 4 : Theſe drawn Crxoſs-wiſe into them- 
ſelves produce the Antecedent of the former 9, of 
the latter 10, therefore the latter is the greater. | 


VI. Given an Arithmetical Progreſfion ; to find. the 
Sum 0 f all the Terms. 


Arithmetical 


BbokE* Tc Aist. 45 

Arithmetical P hon, is, as aforeſaid, when 
many Numbers follow:one another in the ſame Ex- 
ceſs : To find the Sum of the ſame Artificially and 


— 
1. Add the firſt Term to the laſt. | 
2. Multiply the Sum by the Number of Terms. 


7 


'SETSI B 6&4 


* 3. Half the Product is the Sum of all. 

—_ Example 1. 

* I. 2. 3. 4. 5. 6. 7. 8. 9. 10. TI. 12. 13. 14. 15. 
The firſt Term added to the laſt makes 16 

A, This drawn into the Number of Terms — 15 

11 , Produce -- ads — ä 240 

n. Half of this is the Sum — —ů — 2 

V 5 Example 1 

* 3. 6. 9. 12. 15. 18. 21. 24. 27. 


76 The firſt added to the laſt makes 30 
er This drawn into the Number of Terms — 9 
Produces - . _— — 270 


Half whereof is the Sum, to wit, 135 
ö % 


„VII. An Arithmetical Progreſſion being given in 
Numbers aſcending, with the difference of the 


ine; To find the Number of any Term. 
1 | Example. | 


Let there be given a Progreſſion in three Terms, 
2 aſcending by 2, AS, 4. 7. 10. N 
And the Number of the rwelfth Term is ſought. 


? Vork 


* PROBLEMS Pact 8 


Wark thus. |. 
1. From the Term defird 12, take u b. [and 


leave II. 

Multiply this Rennie by by- the Difference of 
Tra, which in this place is 3, and you produce 
2 To this ProduRt add the Numer of be Gr 


4. So you will have the Number of the twelfth 
Term, to wit, 37. 


VIII. 4 Geometrical Progreſſion being given to find 
the Sum of all the Terms. 


x. Lefſen the Denominator of the given Propor: 


— 1 2 1 
0 leſſened, divide the Difference of the 
"Bratt: & 7 und by SubtraQien. ) 
3. Add the Quotient to the greater Extream ; 
and you * 


Ehn. 
Given a Pregreſſion, in Proportion Triple. 
„ &- 1 54 162. 

The Denominatar 3, unity being taken ay, 2 


The difference of the Extreams—— —— — 160. 

Divided by 2, gives the Quotient-— - 80 

Which added to the greater Extream, makes—24z 
The Sum of all. 


IX. A Number bring given in Geometrical Progr _ 
fron, from any former, to a certain diſtant In 


teroal, 


NaN Arighmetich 47 
2 


Beak I. 
2 ta find another, Oe tv 


ginn, 4s the fed. 
12 2 n een 


ids. 


Id 

of Let the Progrfion te double 

e 2. 4. 8. 16. 32. 64. . 

f And a Term is ſought, which is ſo much di- | 
ſtant from 64, as 64 is from 8. 

h I. Draw 64 into it ſelf, and it makes—4o96. 

2. Divide the Product by — 8. 


—— — — — — — — 


F The Quotient will be ——512. 
a The Term defired in the Ninth Order. | 


. IX. Given three Numbers of Arithmetical - 
Proportionality; to find the Harmoni- 
cal from them. © 


L Draw the firſt of the Arithmetical Froportio- 
— Boe into a1 N and it produces the firſt of 


1 wh hs the firſt aan r the Arithmetical into 
te uind and: ic vil rde the feat Namo 


474 Laftly, Draw the fzeond Arihmetical Arte 
the third, * ** * on? n. 


FORT AD IA > 


ns ; Rs ' 
33. 77. 


The Anichmetical Pro 
Makes the Harmonical N 


— a 


p Rt RN al 

And chis kind of ity. is called Mu- 
13 ne ſync noe Numbers © it, 
RS Ws in whic 
Muſical Harmony confiſts ) 


Example, 


Theſe three Wen 
monical, or 
6 and 4 is Proportion Seſquialter, erde | 
— which is called a Concord 1 
or Fifth. Alſo between 2 ED 
guitertia, conſtituting the 
a Concord of 4 Notes, or the Fora, TT be- 
tween the Extreams 6 and 3 is diſcerned Propor- 
tion Double, which . the Eighth : And 


after the ſame _— may perceive in many 
* 


4. 6. conſtitute Har- 
* 1 44 


= 
* d 
0 
1 - 6 © . — 3 6 * 
— a hk — — — — 


Concerning the Proportions of Sounds uſed 
in Mu ſick in our Time. 
"Y"BAT the Lovers of Muſick may 

have the Proportions in view, of 
all Sounds uſual in our Muſical time, 


we thought it convenient in this place 


to expoſe the Harmonicks of the Inge- 
nious John K . 


1. of 


& 5. 


| | 


2 * 14 
A half Tone. 


A 


o f MD 


— 
E 
n 
5 
* 


Q! 


 Bbokel Tei eint. 51 


Ard of theſe, and alfo of the former Numbers, 


the Reaſon is mis. 


Conceive in mind ſome Chord in an Inſtrument, 
or the String of 2 Lute extended, and comprehend- 
ed between two Bridges. . 

Underſtand it in the former Deſcription of par- 
ticular Intervals, to be divided into fo many parts, 
as the Antecedent Term of Proportion, or the grea- 
ter Number ſhews. | 

Then the Conſequent Term of Proportion, or the 
lefler Number, ſhews how many of the ſame parts 


ought to be to the Note or Sound, dittant to the 
Interval from the next. 


. 


Example. 
If in the Interval of five Notes, ſome Chord or 


String ſounds G. and underſtand its whole length 


to be divided into three parts ; they agree to the 
Note d. five Notes from G. diſtant two parts of 
the ſame : Whence if ftom three parts you touch 
one with your Finger, and, as ir were, cut it off 
from the remaining Chord, it will Sound the re- 
mainer of the Chord or String d. 

But in the latter deſcription of the whole Com- 


pafs of an Eighth, if the whole Chord or String in 
ARE to be divided into 


2160 parts, and it will Sound the fame : For 


Example, G. 


Hence if we ſeek how ny of the Yona pays 
agree to the Tone or Sound d. which is diſtant 
this by five Notes, I find in the Table— 1440. 

And it is between the Number —— 2160. 
And the other leſs than this 1440. 
The Difference Is — —— 720. 

| E 2 Ihere- 


„ PROBLEM pant n. 


Therefore ſo cut off by the Fin- 
get _ the w le Chen Of the remainer will 


|» Miſa 2160 ad 1440; is 
Seſquialter 1 2, which is 2 and 2. 2 | 


XI. Three Numbers being given, to find a fourth, 
whith is to the third as hs ſecond to the firſt. 


This is the Golden Rule of Proportion, commonly 
called, The Rule of Three, and *tis direct z of which 


this is, 
De Pracfice. | 
1. Of three Numbeis given, Muldply u the third 
by the ſecond. 


BE, ** Product of this Multiplication divide by 
3. The Quotient uiſing i is the fourth Number 


* 

| Example. 
The Sha-] Is caſt from a How many Feet b my 
dow of | Pole, or Stick | n Tower whole 


dow is 125 Feet? 


10 Foot | of 6 Fcot, 


Some Cuut ions 10 be Obſerved. 


1. The fuſt and third Numbers of the given, 
ought to be Homogenious, and of the ſame thing 
and name : Theretore if they are Heterogenious, 
they muſt be reduced xo Homogenious. 

; Ottentimes Integers, or mixt Numbers, are to 
be changed into Fractions, and Fractions of divers 
Denominations to the ſame Denomination. 

3. Oftentimes before the Operation of the Galen 

Rule many other Namerations, Additions, Subtra- 

tions, Multiplications and Diviſions are to be inſti- 
tuted; all which Examples and Uſe will teach, 

Exam le. 


Ex ple L | 
1 of n What I a Fat? 
10. 
In this E ie Fat muſt be ad into 


oe Wh hong te, For gat be. agree with 
the firſt ; therefore * muſt be ** 
in f. * 

o. 


And the third b Ss n 
1 620 Shillings, which ſhould be di- 


Number 1; but becauſe 1 neither 
Vale nor Divides, a Fat of Wine, containing 
360 Gallons, will coſt 3500 Shillings, at the Rate 
of 10 Shillings a Gallon; which being reduced to 
Pounds, is 180 pounds. 

But if we ſeck. 
Fat of Wine | Coſt | What OF On? 
I. 180 J. | 
For this we muſt * 
n 32 What colt Gallon ? 


And hs operation being made, it ures 106. 


Examp. II. + makes 2, What makes +? ? 
In this Ge mul ly + by +7, and they make 4 
which being Are by 4, that is by 7, to wit, * 
in inverting the Fraction, and multiplying, it prod; Fe 
, Or 2 Fo 
Example III. If 2 makes , What makes 32. 

Reſolve the Integers into Fractions, ſaying .2 
makes 3, what makes 3 ? the 9 being made, 
it produces 5. 

Example IV. If 25 make 5, What doth 5 + make ? 
Here we muſt reſolve the mixt Fractions inte ſim- 
ple, and fay : If 3 make 5, What doch make? 
And the Operation being made, i: produces „ 


that is I3 I'Fo 
E 3 Examp. 


54 PRO 2 E MSN pate . 


Example V. : 
2 1 heap Cit RK 7 
e remaining, Sack 3 
We defire to know how * Wheat he 255 in 


the 

dy, nb the Fractions to the ſame Dennis 

tion, and they make +3 and . 
2 3 ho ep taken frotn the whole are twen⸗ 
ole mult needs be 22. SN 
Renee take 272 = w_* 3 that is 12. and 
ths ll be 22 left; then: If 52 makes , 
What makes :: * TT or 65. . 

'Or without Fra&ions. _ 

If 75 makes 35, what makes * 65. Ant 


ſo many Sacks the Man had at 
Example VI. 
Half an ounce of Silver colts Shillings 2+. 

And three Drinking Cups C A. 12 ® 

A. B. C. weigh B. 16 + 1 

| Halt Coe: C. 23 7 

Now we would know the price of theſe threo Caps? 

Work thus: 


1. Gather together the Integers weight of the 
Cups into one Sum, which is 51. 


2. Reduce to one Denomination each Fraftion an- 
rex d to the weights, to wit, 

. 8 
4 G to 8 


* . The Sem of theſe by 2 produces 4+ 

"i Ih 

. Add this to the former Sum of the A 

and it makes 52 7 : Say then, £ 
Ha 


r „ 
* 


* 


ith What Coſts 


EY 
Or thus 


a Ani we = 


XII. From three Numbers EA 
— . ue jon 50% 

Bed 1 he fool.” 4 
3 ; 4 1 3 07, „2117 nter * 
11 mh, in cel the Rule o deve i vat 
tion; its uſe is, As oftem us the values of 
uy pres comer ver and 


S pole Fo 

27 | 2 will de the fourth fps, 

281 5 550 od 158 g. 
nn > 2441 : n Example 1 © * 
'Yoke'of er e 

Oxen | in Days ao 

6 lf 2 | 

Work | Finiſh a certain 3 will * 8 
- Men. 1 5 Wer : 

10 Ila, g 40. WE 9 


Note; Tv. theſe Golden Rules of Proportion, A- 
— have added four other Ru les, as, 
: The Rar of Socitty, or Fellowſhip. + 
| 2 The: Rate. of Dowble, or the Genen Rule 
of Three. 
2. De Rule of. Al arion. | St So: 
: The Rule of Falſe. Dn 
_ E 4 I. Of 


Ti Rule s uſd when many bing cx] in 


a Society, they put in divers urs of wu 


to the common 2 And 
Man is ought, 3 N ot without the! Cir- 
er eg Tims «ig off e 110177 of 11 


2119500. SJ}! 


> hy Example without the r of Tine, 


ELIA, K. <0 15 2 . 
455 & WL, 


tribute 
C, x5 » 


leveral Sams, . 
IG ET Mt 


one Sum: then to .the part of each of the — 
butors, the 1 0 n 
ee, | 


J. 607 0 3 - 


If 295 oa whats zoo? eas I5 . 
135? 20 25. 


The Sum of the * Products e with the 
ſecond 45, therefore the Operation is juſt. ; 


Il. Example with Circumſtance of Time. 
Two have gained 60 J. and the fuſt Man A. put 
in 50 J. for two years x the other, B. 15 for tive 
£Y 3; 
d Hoy much ought * tk to have of the Gain? 


Caſe, 


1. Draw 


a - &y 
— in the Se con- 
to win; COfmma} i 22110 aft; | 


= 4 
Ti A 9\ti 10 


+ on J 


Men in 
== ay — 


If 4 ar what ill? 
onths 3 


ee warm makes 477 Anſw. 


9 D ern 


— 


_ The Rule of Allg 


His joins ſeveral things together 
T* at one Price, boy * 
I. Exams. 


-—P =v 


And a gallon afier tis mixt ought to be worth 
9 ſhillings : How much — muſt we take” of 


each Wine ? 21 
the difference between 
of thyſe toi be mixt. 

3 


8 


W 


pbk.” * wi 2 59 


7 25 IV. Kg 
The Rule of FALSE. | 


He ck rn As put of fu: 
W po ef e 0 


the falle nete puts, pt hi of them Hell 
ent, or both excee, ron 

1. Subtract either the Exceſs whoſe is + 
or the defect, whoſe Sign is —, the lar om the 
greater, and the —— for a Diviſor. 
Numbers: aſſumed, one into 


M 
the ke bee the other. 
3. Subtrat er of the Produfts from the 


1 K Divide the Remainer by. tha reſerved Diviſor ; 
and the Quotient will be the Number — 


Eranple IJ. 
A The Sum of an 503 What is the 
3 Number the Nurp- 2 Number of 
Cy bers 1 IS — e = each ABC? 


"es obſetye⸗ If one be &nown, to *. the 
reſt will be known , let it be th en, | 


Poſition RE Poſſtion. II. 

Aſcribe to A 16 Aſcribe to A 18 

2 B 347 Then will zB 32 
C 36 be C 38 


Tho Sam of AC 521 The Sum of AC 56 
18 to be 50 | It ſhould be 60 

The defect therefore 8 | The defect — 4 
| en 


1. From the greater defect 
There remains the difference——————; 
To be reſerved for a Diviſ rt. 
| f 


2. Draw the firſt aſſumed Falſe Number int the 
defect of the ſecond affumed ; and the ſecond aſſu- 
med into the defeft of the firſt ; in this manner. 

Draw 18 into 8, it makes —-144 
Draw 16 into 4, it makes ——64 ' 

3. N 80: 3 
divided reſerv vior' 4, produces in 
one be A true Number ſought, 20. 


68. 
143 


The reaſon is altogether the fame. if both the 


Poſitions, or Falſe umptions, exceed the True 


II. Caſe. 


If one of the poſited Falſe Numbers is deficient 
from the True, and the other exceed it. 


1. Add the deficient to that which exceeds ; the 
dum of which you muſt reſerve for a DO. 
| 2. W 


Book, Thesis drithmerick. 
2. Draw both the aſſumed Numbers into the I 


ty. 
e 
The Sum of theſe two Numbers makes 5 
Then we ſeek, what is the Number 5 


I. PIES, of yur A to 2. * put A. to 
Its — with 1 f Its Quadruple with 1 


—9 is —; ——21 
The Triple of this with The Triple of this with 
3, 18 | 3 15 66 
The Sum iS— —39 | The Sum is —87 


Which ought to be—56 | Which _ to be—56 
The defect therefore is 17 | The Exceſs is——31 
1. Add the Exceſs to the Defett, and it makes 
48 for a Diviſor. 
2. Draw the aſſumed falſe 2 into the Ex-, , 4 > 
ceſs 31, and it makes — 
Alſo draw the other falſe 1 into che De- 8 
fect 17, and it makes + 5. 
3. Theſe two Products Joined, make. — 147. 
4. Which divide by 48, and the Quotient produ- 
ces ** Number ſought 2 45. 
For ſuppoſe,” or 3 1. 
Its Quadruple with 1, i —13 f. 
And irs Triple with 2 2 —— 42 - 


4* 
— — 


The. Sum of which two Numbers is-56 
Example. 


* Fan. 


| Example II. 
Eb 
e 
1 Again double the 12 2 this 
double take away 2. 


4, Thirdly, double the Remainer, and from this 


double take away 3. 
5- And in the Remainer there is only 10. 


And we would know what is the Number ©. 
- This Rule of Falſe is uſeful to the 
many unknown Io je vere of alſo in the fodin 
Cofhe Rules, with which it nearly agrees, fince many 
1 alſo may be Solved by this 
' Rerle 1 
But the reſt, which ins to the Amplitude, 


as well of the Rule of Proportion, as alſo to theſe 
' annexed Rules, cannot ſo well be comprehended by 


Precepts as by Ingenuity. 


* 


The 


| 


t&% "The 
po pg The 


| "5 3h „ee 


' 
Fiſt Rogh. of; > ith 
biin A Ly i” 


. Theoretical) Ar Rm 
" Buy i Found * — 


Ak: 8 err 
And it is either Plain or Solid. | 


2. A RNeurate Plane, is that which reſembles a 
. r 28 CRE oP 


200 ws 


2. 6 - bh Fe. 3. A Eee, or 


five an 


„Ar ie of theſe are ale Fafhors and Roots : 
ariſe from the natural order on Ts 
none or Ade, or from forme 4 


FA = 
tys 2 

T. 2. 10. 

Rs = 7 905 2. 1485 5 15. 


Or 


144 


25 


he 


Wan reer e 4 


1 ” 


2 


4 DEFINITIONS of ren. 


er 5 


Among P Planes, h * 
b tha, a P 


3- A Quadrate (in Arabick, Zenſu ) ) is that 
which hath four equal Lines, and four equal Angles, 
and ariſes from the mutual Multiplication of two 
equal Numbers. 

Either of theſe Numbers is called t the Side . 
of the Square, the ſign of which is, 


I. N. 1. q. or ff. 


4. A Solid Number, is that which ſhews a Geo- 
metrical Solid by its Circuit or Periphery, 
ſtretched out, or extended by its Unities into three 
Intervals, to wit, Length, Breadth, and Depth. 
Among the infinite Kinds of theſe Geomertical 


© Solids, the Cube is the chiefeſt: as Fg. 5. 


5. A Cube is a Solid Number, made from 
equal Numbers multi = in themſelves, 
ing a Geometrical Cube, or having 
tude of Length, Breadrh, and Thi 


Each of its Factors are called the ſide of th 
An En or mark « 
TRE 


ent- 
magni- 


"Y | 


Lc. Rc. X c. 


and is 


t 
P 
U 
f 
d 
b 
b 


took. haps thn 


5 

0 w many times the 7 Root 1s 4 
or t Coſſic ma uce 

by bf Nat cation. e . 


Example in Geometrical Progreſſion double. 


— = Charafters. * Names. 
I F 2 Y, ns 
- 2 1 e, or 1. IR 2 or Roor. © 
| 2, or 3. q. Quadrate, 2 enſas. 
| Bl 23 l, or ca. c. Cube, Zenſi Zenſ 1s. 
{ 16] 4 *, or 35. aq. bg. Blonodr ate. Squared ſquare. | 
| 24 J I or ſs. Solid. Surſoli l. | 
6 6 5 OT Z. cu. qu. «adrato Cube. Zenſi cate 1. 
128 7 f or B Js. 1 Bi ſolid. 
| 256] 8 | „or 333 99g. „„ 
r 514 9 , or c. cu. cu. cc. Bicubed. Cube cubed. | 
. 1024] 10 “, or 3 /. g. 18 Zenſus de ſo 
4096 12 I A or 33 cu. Biquadrato Cube. Zenſi Zenſ⸗ 
: 8192] 13 | ', or D ſs. furfolid. Quater foltttes. | 
1628 14 f , or 3 8 fs rms Fr Zeri ſol 
22768 T5 @'*, or Ca. fo. Cube of Solid, &c. 
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The Arithmetick of theſe Concrete Numbers is 
called Coffic, from the Inventer De ia Qſa an Irahan, 
and Alzebra from Geber which Chrj- 
wt pi 5 5 and  Chriſtapber Cay) ors have writ- 


2200 1 his 8 ok | 


_ — 
* 5 * 


_ 


T H SG 5 . 


I. T W O Quadrate Numbers, being mul. 
tiplied in themſetves, produce a Quadrate. 
So 8 aquadrate, drawn into NN - a I6, — 
duces the. quadrate 1 a 
drate drawn into it 1 af IE nought elſe but a 
Gn the definition of a ous 8 
. A Cube multiphed in it felf, and into another 
Cube, always produces a Cube: For Example, | 
The Cube 8, multiplied in it felt, uces 64, 
which is alſo a _ 1 — the Cube 8 drawy 
into the Cube 64, oduces the Cube 5 x2. 
SW Pac bd oy, umbers be futce{frotly, Pro. 
„ Ihe third from . is 4455 are, and 
all of the reft imermutting fourth 1s « 
Cube, and all the reſt are 8 pul ting wo : 
Brut the ſeventh is a Cube, and alſo 4 ate or 
8 daure, and all the reſt intermitting Abe. 


E. ample. af Proportaon Treble. 


C 


— — 4 2 
e „ 27- Bt  203-- 729 2187. 6561. 
| ; | 08 
— — = yo" 
| 19833. $9249. 177147. 531441. 


4. J 


L. ck. 


cal —_ 
ers be ſucceſſively 


2 om Un 
— A that 2 to be a Sguate, 
in the Same Proportion will be Squares : 


$ 
: : = re 
3 KF 2 ter Unity A be a Cube, all the reſt will be 
'l __ Wau 
„ . . e eee e 
| | Example in Cubes. 

| Gn = 1 64. 512. 4096 32758. : 


. 4 rate to a Quadrate hath double Propor- 
1M tion of Side to Side; but a Cube to a Cube bath ri- 


le 7 ion of Side to Side. 
0- # And Double Reaſon or Proportion is made from 
a- : Square, þ by ſl ication of the Sides; but Tri- 
2 = Cubic Multiplication of the 


Bides; 7 2 ion of the Sides is made 


equal to the Proportion of the ; by this the 
” Proportion of the Sides is made equal | to the Pro- 


portion of the Cubes. 
Wy — — ——— IS 
PROBLEM 8. 
O Se the Squares and Ges o Prime 
Net e, from Un to Ten. 4 


" For the forcknow 
which that 
and get by neue the allowing Table 


—_ of _ is wholly re- 
e, inſpect often, 


s | 9 10 
49 |54.|B1 [100 
5121729]100c 


68 PRQBLEMS'F pin. 
II. Any Number being groen, To extralf its Squere 
Root. 
The Fi ation to be but 
FE * ==. 


Example. 
„„ mJ 
978121 (989. 
8100 


n 


1681 
188 to I x (Fire os 
1504 are the nextꝭ leſſer Square, 
3 inſcribe it in the Semicircle or Quo- 
17721  rient 3 be cheSq of 
1969 ., Jubleri uare it un- 
17721 73 4: Subtra G 


— | To the refidue, aſſume, or 
C0090 | bring dyn he mne other dune 


The Second Operation to be re ated according to 
the Number of Points. pe 


1. Double the Root you inſcribed juſt now in the 
Semicircle. 

2. Subſcribe-this Double under the ſecond figure 
to the right hand. 

2. The qu uote of this ( to- wit, ſo many times as 
tis contain d in the u Number) write in the 
St micircle, and alſo adicribe it to the Double. 

4. Multiply the whole en by the Quo- 
tient. 

5. Subtra& the Multi plied from its Superior. 

6. To the Remainer, [x the new Numbers, if 
there be any, and repeat this ſecond Operation; with 
this provi o that you double the whole Quotient, 
and not an the laſt Figure. 


III. To 


; TT HO A.4..- 


Book I. Theoretical Arithmetick. 6 
I. To find the Root very near, in Numbers not 


if after all the tion is rightly performed, there 
remains ſome e, that ſhews that the number 
proper is not a Wi or Square: Therefore 

uch numbers the exquiſite or exact Root is not 
given, and therefore it is called Surd or [rational ; 
as alſo in Solids not Cubicks. 

Nevertheleſs the near Root, in which lirele is 
is thus found. 

1. To the Remainer add two, or four, or ſix, or 
cake, or yet more pairs of Cyphers. 

2. Repeat the ſecond tion ſo many times as 
you have added pairs of Cyphers : then the Root 
produced pe _ * a Eaton, 2 to Au 
princi ot, ore to be diſtingui 
from Th a point: And will denote Decimal Parts 
of the Integer, if you have added rwo Cyphers ; Cen- 
tefimal Parts, if you added four Cyphers ; Thou- 
_ Parts, if you added fix Cyphers, and ſo on, 

C0 p 


Example. 


150 (12. 
1 
3 
oo 
22 | | 
34 ' 
©0600 


PROBLEMS part PV 


IV. To find tbe Cube Root. 
The firſt Operation to be but onc 1 2 2 
Example. 1. —_ 
- . . R. 1 m 
967361669 (989 ways 
729]]\] . 
238361 
71004 2. Inſtribe in the —_— 
242 | | the Cube Root, or the next 
1944 | 64 of the firſt point. 
1728 27 3. Subſcribe its Cube. 
5121|| 448 4: Subtratt it from the ſuperi- 
711152 1128 of OR. 


. To the Retnainet, bring 


1 by Mens, 1728 lows the three new Numbers 


28612 The Sow Operation to be repeated. 
3 1 ** le the Root, 
23930 ubſcribe the Triple under the 
23004 93 Fiore to the 1 hand. 
. 22 3. And the ſame Triple being firſt 
_26159669 dy:wn into the whole Root. viz, both 


coccoooo Figures in the 2 ſubſcribe un- 


der the 3 
the Quote of this; 
294 294 lbibe the Quote, and by the 


98 81 Quote * this, having firſt 
2352 294 dravvn an occult line underneath, 


2646 2352 ſubſcribe it under the third Fi- 


n a Multiply the Square of the 

Quote into the Triple of the tilt 

Quote 2 (that is, 27 ) and iubſcribe it in the 

__ſeconil place. 

6. The Cube of the Quote ſubſcr be in the firſt place. 
J. Add theſe three ſubſcribed Numbers. 

Subtract the Sum from the Superior, and bring 

Fe the new ones, if there be any, ard add to the 

Reniiner. V. 1. 


ä 


' Book Thearetic«t Arithnerick. 71 


v. To find the Root very near, in Numbers not 
Cubick. 


I. Add to the Remainer either 2, or 6, or 9, or 
more Ternaries of Cyphers. 


2. Repeat the ſecond Oper ation ſo many times, 
as you add Ternaries of Cyphers, 


3. The Product will give the Fraction of the Root, 
and indeed in Decimal Parts, if you have added 
three C in Hundredth Parts, if ſix Cyphers; 
in Thouſandth Parts, if nine Cyphers be added. 


VI. Too Numbers being given, to find a mean Pro- 
Portional. | 


That is, a Number which ſo much exceeds the 
leſſer, as tis exceeded by the greater. 


And *tis thus found. 
1. Multiply the given Numbers in themſelves. 


2. Seek the Square Root of the Product, which 
will be the mean Proportional. 


Example, 


What is the mean Proportional between 3 & 12? 


Azſe. 3 drawn in 12 mikes—>————36 


The Root of this is 6, the Mean between the 
two given Proportionals. | 


WII. Two Members given, to fixed a Third Propore 
tional. ; 
F4 That 


72 PROBLEMS PartIV. 
That is, a Number which is to the ſecond, as the 
ſecond is to the firſt. 1 1. OY” 
1. Multiply the ſecond in it ſelf. | 
2. And divide the Product by the firſt : The Quo- 
tient is the third Proportional ſought. 
And this Proceſs 1s no other than the Rule of 
Three, by repeating the ſecond Term. 


Example. 
If 2 gives 5, what gives 6? Yofw. 18. 


VIII. To two Numbers groen, To find any other two, 


Proportional to them. 


1. Adjoin any third Number to the two given, 

2. Witu theſe work according to the preſcribed 
Rule of Three, and the Quotient with the adjoined 
Number will be the two Proportionals to the) two 
given. 


Frrumple. 


Given 5 and 10; add 12: then ſay, as 5 to 10, 
0 12 to 24. | 


IX. To two Numbers given, To find two Mean Pro- 


portionals. 


1. Draw the leſſer into it ſelf. 

2. Draw the Product into the greater. 

3. The Cubick Root of this, is the firſt Mean 
Proportional. 


Then, 
1. The firſt Mean Proportional being found, draw 
it into it ſelf, 
2. The Product divide by the firſt leſſer given, 


3: The 


» 33S 
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3. The Qyoyems 1 is the other * 
— 


To ſind two Mean Froportionals between 4 and 
32 ; -proceed thus. l 
4 drawn. (or multiplied ) in it el, makes 16. 
This makes 


into 32 — 512. 


The Cubick Root of this, is . —8. 
| * the fiſt Mean Proportional. 

8 drawn into it ſelf, makes ——————6z 

This divided by the leſſer giveth —— 

Exhibits in the Quotient——=—————16. 


Which is the ſecond Mean Proportional, and in 
I they make four Proportionals, to wit, 4. 
8. 16. 32; a 


The End of the Firſt Book. 


TS 


"SECOND BOOK 
Praflical — 


The PREFACE. 


1. PRabiical or Concrete Arithutich, | 1s 
that which confiders,nor Numbers 


abſtracted from all chings, but applied 
to the meaſures of divers things. 80 


It Conſtitutes Two Parts, 
I. Aſtr 


TA! 


onomical. | 
AND 


II. P oliticai or civil 


3. onomical, which n imes al · 
ſo is called Logiſtical, is the Doctrine of 
handling Aſtronomic Numbers, which are 
uſually called Phyſical Froflions. 

4. Politicat or Civil, is that which com- 
pares and explains Moneys or Coins, the 
meaſures of Dry things, of Liquids, oil - 
Intervals or Diſtances, uſeful in Com. 


mon. ealths. 


'P 


The 


2 


Pra 


HN 
48 — pagan * 


Joa ll. 2 W . . * b . 
ih 4 | 


> 
2 6 ;x 


tital Arithmaick, 
And its Firſt Part. 


. 
1 


of Ai. onontical Arithmetick. 


r OO EI 


— 


- - 


| CHAP, I. 
- Of Aftrranomicel Numbers. 
I. A Srrovomick Numbers, are either of Motion, 
or of Time. 

2. Motion, when tis Circular, is numbred by the 
1 
3 A Circle is divided into 360, whi 

conſtitute the whole. 

A Degree is ſubdivided into Minutes, $60) 
Firſt Scruples ——\ 

A Firſt Scruple, into Seconds ————— —60 - 

Seconds, into Thirds, and ſo on. 

4. Degrees are collected, either in Celeſtial Signs, 
of which 12 compleat a Circle; and each contains 
— Or into Sexagenary Primes, Seconds, 

irds, c. 

5. One Sexagenary Prime contains 60 Degrees. 

And a Sexagenary Second contains 60 Primes, or 
3600 Degrees, 1 


9 | 10077696000000000 | 9 
Io 604661760000000000 10 


Alſo ſome call 1 Degrees Ah =o 42 
one Degree, or its 60 into 5 A. 1 
_ by the Names al arts in a man 


As, cont. 50/9 parts 45'|6parts or £ 3 T5' 
11 parts 5508 parts 405 parts 252 parts Or'F 10 


10 Js F077 FR 33 nne, 
& Time i is divided, either Vz/garly or A 
p — 


A Julian Year hath Months —12. 
Days in a Month — 28. 29. 30. 31. 
Hours in a Day- 24 
Minutes in an 2932 — 60. 


And ſo on. 
An Egyptian Year hath Months — 1 2. 


— — 


Bochfl. Ch. a. pc pry "om 77 


n 30 Days: Which 
Minutes, as che 


£% 11 
le into 60', and ſo on. 
— 2 account 


hati6o Days make one Pruze — + y fry 
Prime age or 3600 D me one Second 
Se, Te | 


— — — — — 


| 0 H A Pp. mn 3 
e | | 
X- F Nd Notation. 
n. 
T':5 
C 
[0 
5 
The manner of Bede abd Rae is thus. 
i * . Scruples. 
1 26. TY 
Sexagenes. | Degree.” Scrupler. 
| 22. 24. 14. | | 
3. 4+ 2 . nere A 
| II. I Ten = 
** * A . * * = 


eir 


49 =P Ie! 
1 2 — R * £ 2710 T 
Or, i 2e. 5 Ter C 1 , ib ot 
4-3-5-| 36. 8 


4 51 Om ene Vi 


— of ke a ks, w 
Kinds, un- 


| 2 — 
— — ine: — Or 
Days — Degrees or Da Scruples un 
for Bins. 1 
plitty 2 Gris place want a Number, it muſt be Tup- 
A or 

; Th oleh een of ay 
contin helping ties m 
be added to the the 


emainer which 


fried not to the former kind, wuſt be quly ſyb 
| _— To be added in Morin. 


, 2 56 48 32% 
22 
The Sum f — 5 25 27 
Rank or Kind of the Scruples, conſtitute 


is added to 
latter Rank 


= Sia far tai ma W 
retained which is under 12, and leſs than a Circle: 

ial Motlons, tis not alway s fonght how many times 
any Sear hath 3 ern Circk 
M in ct any time? 


9 E "xamPplt 


-&-. 8-8 


I 


"P 


. 
or 


1 


TSS 


Book. 8 ert. os 
Sexagenet 5 Berge © Seruples. g 


36, 24. 
47 38 38" 46" 5 


14 721 2 76 0 a 


"Nite. The - ws = gs 


Hours 
2 pet 12 2 5 of the 24 Re 


you increaſe the Number ada 


CHAP. lw. 
Of SUBTRACTION. 


„E in Vu only abſct- 
| ring this ber ie 12 


2. "*Fhen if the Number to be Suderadded be 
ter than the Number from which tis to be 8 mY 
Qed, 8 borrow Uniry from the 
4 or fe Rank, which in 1 mind! is to 
be reſolved into equent Rank, and added 
to it. 


3. And you muſt remember that the Antecedent 
Kind or Rank is leſſened by Unity, which that you 
do not forget, you may Impone, or make a point to 
remember you. 

. | Exarple. 


£ * Fiat l 


The Mes- 28 =p - 44" 5 - 
The Subducend—3 29 36 55 25 
The Remainer 28 23 48 3 


— — 

i Kind Fon r 
Ranks or 

the Mono and, is leſs than the Subdacerd : Then in 

caſe, a whole Circle is to allume or bor- 

W Number or Mi- 

And then FRO inſtitute the ** 


ä) ———* 


C H A P. V. 
of MULTIPLICATION: 


I. OR the fike of comeniency in Operation 
write the er Number, to wit, that which 
is compounded o Ranks, above, or uppermoſt, 
as a Multiplicand: 170 — ſubſcribe the other of 
fewer Ranks as a Mu 1 * that the laſt Rank of 
ive pu may be under the laſt of the Mul- 
ti 

1 Neither doth it matter whether the fame, or di- 
vers Ranks of this ſuppoſed Multiplier, are multi- 
plied wich the ſuperior Multiplicand. 

3. Draw each of the Multiplier i into each 

one of the multiplicand; and that which is produ- 
ced, divide firſt apart by it ſelf by 63“ (if it exceed 


2 Sexa- 


= p - way = — * E W wag - 7 * = 2 
g * 1 V. 3 1 1 1. 9 ; a4 a . 
, - — x = — * — _ 
99-4 © . 


* 
+ * 


80 Part I. 


Signs, © 
The Minorand—5 28 oo 44 56" 
The Subducend—3 29 26 55 59 
The Remainer— 1 28 23 48 57 


Note, 1. When under the Rank of Second Mi- 
nates, a Firſt or Prime Minute ſhould be taken to- 
gether, or borrowed, and there be none, we muſt 
have recourſe to the and reſolve one into 60', 
and we muſt alſo reſolve one firſt Minute into 60 

2. Sometimes it happens, that not only the fol- 
lowing Ranks or Kinds, but the firſt of all alſo of 
the Minorand, is leſs than the Subducerd : Then in 
ſuch caſe, a whole Circle is to be aſſumed or bor- 
rowed, and to be added to the leſſer Number or Mi- 


norand. And then you mult inſtitute the Subtraction. 


— — 
— v 


of MULTIPLICATION. 


1. LO R the ſake of conveniency in Operation, 
write the greater Number, to wit, that which 
is compounded of moſt Ranks, above, or uppermoſt, 
à⁊s a Multiplicand : To which ſubſcribe the other of 
fewer Ranks as a Multiplier, ſo that the laſt Rank of 
the Multiplier may be ſet under the laſt of the Mul- 
tiplicand. | 
2. Neither doth it matter whether the ſame, or di- 
vers Ranks of this ſuppoſed Multiplier, are multi- 
plied with the ſuperior Multiplicand. 
3. Draw each Rank of the Multiplier into each 
one of the multiplicand; and that which is produ- 
ced, divide firſt apart by it ſelf by 69“ (if it exceed 


2 Sexa- 


5 * 1 = 
— < : - - m— * — - — — — 
* 1 —— — Xx — 3 wc. - > My 


”- 
tO Y % 


„„ $63 56 5s "TY 


I 

3 
6 
O 


2 
36 

I 
2 
3 


O 
6 
1 
S. 
I 
45 


7 en * 
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O0 © 
20 


ern. Cb V. QFPreSice 
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2 1 aaa 


* 
yu IEEE 


70 


734735 1 
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Of the Kinds or Ranks produced by Matriplicath 
A General Rule. 


The firſt Number produced from the Multiplica- 
tion (numbrimg from the right ham towards the 
left) muſt be 40 Intervals diſtant ſtom the 
firſt Multiplicand, as the faſt Multiplier is diſtant 
by Int 1 eger z to wit, from a De- 
gree, which obrains rhe place of Integer. 


82 


Example. 


Draw———2* 3 "uf 
Into. ——— ——} 


— — .__w —U—U— 


i 1717 


v. 
They make—5 ” 12 


For the fuſt Multiplier 3. is diſtant from the 
Integer 25 by 3 Intervals : Therefore fomay-Inter- 
vals alſo ought che ſirſt wit 12, to 
be diſtant from the firſt Multiplicand. 4 And ſince 
the Multiplicand is 4. the Produtt uſt needs be 
12, that it may alſo. be kae diſt from 
4 * 


| Spenial 3 


1. 10 egers * into Integers | 
So if yoo — „ web by re yr 25 T 
ways bring, forth 

2. If tes are drawn into Scruples, or Sexa- 
enes into Sexagenes, they produce Sue or 
agenes of that Denomination as the Apexes that 


are added, or written over, to ſhew the Kind or | 
Rank. | : 
So 


* 


a 
+. 


Bock II. Ch. V. Of Pratficel Arithmetich. 
So if you draw 3. into 4 they produce 127, 
14 + 3e 
And 4 drawn into 5 produces 20 

3. Scruples multiplied into Integers, or Integers 
drawn inro Sexagenes, produce Scruples and ” 
genes of the ſame Denomination and Rank, as are 

the Apexes of the Scruples or Sexagenes. 
| Soit you draw Second Scruples into Degrees, they 
make Scruples -: If you —y Third 
Sexagenes into Degrees, they produce Third Sexa- 


enes. 
; 4. drawn into Scruples, produce the 
ſame kind, (which the Apex ſhews that deſigns the 
kind) by ſubtracting the leſſer from the greater: 
And the Products are Scruples, if the Apex of 
the Scruples be the greater; Sexagenes if of Sexa- 
enes. 
, In this manner, if Sexagene Thirds be drawn into 
Firſt Scruples, they uce Sexagene Seconds; for 
ſubtracted from leaves, and they are Sexa- 
genes, becauſe the Apex of the Sexagenes is the grea- 
ter. But if you draw Scruples into Sexagene 
Primes, they make Scruples 


O T E. 


This manner of Multiplication is very tedious, 
and full of labour : The Proceſs of the whole Mul- 
tiplication may be inſtituted without multiplying 
or dividing by 60 ; to ſave which labour, there are 
invented genary Tables, in which, if the Kind 
or Rank to be multiplied be ſought, there is ſhewn 
in the common Angle, the product already divide, 
and reduced to the Antecedent Rank; which Ca- 
non is in moſt Mathematical Books, and the ſtudi- 
ous ought to have it. | 

(3-2 The 


8; 


4 
a 


right hand, and the leſſer in the upper 


Practical Arithmetick. Part I. 
The Uſe of this Canon is this. 

1. If either of the_Multiplicands be greater than 
30, ſeek the greater in the Tri able on the 
Tranſverſe 

art: But if both the Multiplicand and Multiplier 

leſs than 30, you muſt ſeek the greater in the 

Quadrangular Table on the left hand, and the leſſer 
in the Tranſverſe 2 

2. With theſe two Numbers of the Multiplicand 
and Multiplier, proceed to their common e, in 
which you will find the Product under two Kinds, 
or 2 the Antecedent and the Conſequent. 

But if any one want this Canon, the following 
Table will help him much, in which the Product, 
or its next leſſer Number being ſought, the Num- 
ber with a great Letter placed above it, ſhews how 
many times 60 belongs to the Antecedent Kind or 
Rank, that the produced Number contains. 


A Table of Multiplication and Divides of Sexa- 


genaries. 


III MTIVIYIVEIVTOTUTTTRS | X 


'6c|120| 180 | 240 [200] 260| 420| 480 | 540 [600] 


of DIVISION: 


1. | F ao ove wont the Cancn, how ſhorten the 
Labour, if he reſolve both the Dividend and 
Diviſor, by continually r the ena- 
ries into the laſt Rank, and then Inſtitute the Divi- 
ſion according to the Vulgar manner; and he will 
collect rhe Quotient by continual Sexagenary Divi- 
don again, into the Kind or Rank. 


Example. 


Book IT. Ch. VI. Of Practical. Arichmetick. 85 

"2%. Ex I . 
To divide 16** 514 * 12.17“ 16“. 
By — 24 : 23* 35 46 

Make by the continual multiplying of the Divi- 
dend by 60, the laſt Rank of Thirds, to wit, 

e t | © ; " wi 
Of the Diviſor in like manner 91 __ 
And work according to Vulgar Diviſion, and you 
will N — — 5 1366. 5 
ich divi 60, uces 22 46, 
and you may know he they are of, by the 
following Rules. $: 

2. But if you will work by the Canon, do thus: 

1. Place the Dividend, with its Kinds, in the up- 
per place, and the Diviſor underneath, either in the 

place, if it be leſs than the Dividend; or in the 
next place, if greater. | 

2. If both the Dividend and Diviſor in the firſt 
Kind exceed 30, ſeek the Diviſor in the upper fide 
of the tranſverſe Triangular Table, and the Divi- 
dend in the ſubj Perpendicular Column, eirher 
it, or the next leſſer, then in the right fide over a- 
ginſt them will appear the Quotient. 

3. But if either, in the firſt Rank of the Dividend 
or Diviſor, be leſs than 30, ſeek the Diviſor in the 
left fide of the Quadrangular Table; And in the 
ſame tranſverſe line ſeek the Dividend, or the next 
ls than it, and on the top of this Perpendicular 
Column you will find the Quotient to be written in 
the Semicircle. 

4. Mulriply this Quotient in the whole Diviſor. 
F. The Multiplication produced and collected in- 
to one Sum, ſubtract from the Dividend. 

6. The Remainer ſet in its place, adjoin the other 
* the — pg * the Diviſor being _ 
ved, as is t this Operation, until you 
have waſted all the Ranks of the Dividend. r 1 

| G 3 7. U 


$6 Practical Arithmetick. Patti. 

7. I there be any Remainer from the Divifion, and 
you are minded to follow the Minutes, then multi. 
ply the Remainer from the right hand to the place of 
the laſt Rank by 60, once and again, as often as you 
pleaſe, and divide this Number further by the Divi- 
for, ſo you may arrive at the ſmalleſt. 


* 


Example. 5 
5 8 2 1 1 " 777 a e 
I. Dividend 16 5 9 1217“ 16“ (22 46 
Diviſor 421 2335 46 
Numbers arifingg15 8 12 16 52 
from the Divina —— 24, 26 50 


TT WALLED „ } » 
Sum to be Subtract. 15 32 39 6 52 
2. New Dividend--22 30 5 25 16 
Diviſor removed 42 23 35 46 
„ adder ev $4 A 22" 40 
from the Diviſion? 12 28 50 

Sum to be Subtract. 32 : 30 5 25 16 


— —— 


9-0 e 


1. The Divifion being ended, you muſt mark the 
Ranks of che Quotient arifing from the Diviſon; of 
which this is, 


A General Ruit. 


ine Number of the Diviſion, or the Quotient, 
muſt be fo tar diſtant from the Integer, as the Di- 
vidend is diſtant from the Diviſor, and indeed, by 
how many Intervals the Rank of the Diviſor Ante- 
cedes the Rank of the Dividend; by ſo many In- 
reveals the Rank of the Quotient muſt tollow the 
NTEgEr. 


Ontra: 


* cx Of Profficel drivbmezck 1 


Cnrarimiſo. 
man Intervals the Rank of the Diviſhe 


this Rank of th Dividend, 1 
— of the Gwen weit Tse, 


| Special Ruler. : 
ns by Dr and alike ere | 


5. and 
res, 


? : 


Or of divers the gran 3 of bs Divi- 
for be the greater. 
Example. 
Divide Scruples by by 6*, it makes the Quo- 
tient 2. 


Divide Sexagenes 16 by 4 it makes the Quo- 


tient 4 
Contrari cf e. 
ih * 12“ by 6 1 make 2 © Sexa- 


| Die Sexagnes 16” 6 * they make 4. Scru- 
Mes. - . 


3- In Ranks of divers kinds, add the Notes of 
the Diviſor and Dividend, the Bum ſhews the Rank 
of the Quotient, under which the Dividend is con- 


G 4 So 


ts | Profficel Ak. 
So if you divide Sexagenes 16*® by 4 Scruples 
they make 45" Sexagenes. | 


If divide Scruples 16 3* Seugeues, 
oy nk 4 in the ms 17 N 
[they yo 


If * id les 

2 of Ee Ee 

S you divide the fare 2 proces 
Or. 


keen 
_ Divide * by 4, you will have in the Quo- 


", you will have in tho Quo- 
they pro 


blen 4 
If ou divide 

duce Sager: 82 he Deng 

ut if you divide enes, they 

duce i FI Quotient I 

the Diviſor is of. 


So by dividing $07” by 4, the Quotient will 
be 4 
And Gividing 16 * 4** the Quotient will be 4 


£ 
A Caution. 

Theſe Rules are in force, when the firſt Dividend 

is greates than the Diviſer : But if ir be leſſer, and 
hath the Rank foll either expteſt or 
2 Cypher, it 44 a one place below an 
which the Ru es ſhew Which, if you would 
the Value, tis neceffary that you refer the 
vidend 1 'the ſollowing leſſer Rank : So if you di. 
vide 6* by 125, they pe Frog ©, not as the 
falt Rule teaches, 4 Firſt Scroples, which are one 
place lower than ees: But if you reſolve 6 
tmro 360", and divide by 12, the ſecond Rule will 


be in force. 8 


BBH Ch. Vll. Of Praia Arithmetick. 8g 
0 © HA P. VII. 
n 


| cee it in Logiſtical Num: 
85 Relive Ul ind gen N mbers by Sexagenary 
I. ̃ n Numb 

Multiplication into ſome leſſer Rank, but denomi- 

r 
Or , Ox Qs, (. n 

2. Work according 8 the Method delivered above 
in Baat I. Part IV. of Figurate Numbers. 

3. To the Root found, give the Denomination un- 
der double of the, Number: of its Quadrate, that is, 
if the Quadrate conſiſt of Fourth Scruples, the Root 
will contain Second; les: I it conſiſts of Se- 
conds, the Root will be of Primes; if of Sixths, it 
will be of Thirds: For the Root is drawn into it 
ſelf to make the Square, and in drawing Seconds into 
themſelves, you produce Fourths; and of Primes 
you: Seconds, as is ſaid above. 


4 Reduce the Roor found by Diviſion, 
again to its greater Rank; as Second Scruples to 
Primes;- Primes to Oc. . 


5. The Remainer, if there be any, will have the 
Denomination of the Number of which the Root is 


g Example. 

Find the Root of 7 28 161. This Number reduced to Se- 
ls, is 26896". The Root of which is 164. That is 2 44 
2. So if Jou would extract the Square Root of 493 „you will 

find it 22'*, and in place of the Remainer 9", : 
3. Seek the Root of 1, 10, 45", 4“, 4o"" ; which make 
15338 100“, whoſe Root is 3910”, that is, 1“, 5", 10“. 
Bonaventura Cavalerius hath Adapted his Logarithms to work 
the Rule of Three in Sexagenary Numbers, which leſſens the fare- 
lad Labour, Th 
E 


» , „ 
The Second Bock of 


rl. 


P rablical eee 


1710 


Is [4 Jin; 


Of Peak or Civil ——. : ; 


cnap.1 
of WEIGHTS. 


J. Of Germane. 
Which are, 

Pound : The word is deduced from the Lo 
| tin word Pondo, which in Latin we alſo 
4 Libra, and As. 

2. From this is collected 2 Hundred Weight, to 
wit, an Hundred Pounds. 

3. And the parts of our Pound are : a Fourth 
Part, or Quartgn, an Eighth, A Sixteenth Part, Cc. 
Alſo on ounce, whoſe parts are Half an Ounce, c. 


1 there are divers kinds of Pounds * EY 
thi Germans, bur the chiefeſt are, 


Belonging to Phyſicians. 
l. Beleg to M to Money. 


UI. Publick. 


a - 


11. of 


Book IL. Ch. l Of Prodlical righmerick. gy, 
I. Of the Phyſicians Pound. 


It arrives from the Ratio's of the Roan Pound, 
or Afﬀes, whence * 1 called © pang 
1. From a Grain of 4 


A Pound, erg Ge —12 


II. Of the Pound to weigh Money 
1. Of the Silver Money of Coiners. 


The — "Whoſe Parts are, 
uantity is a Grain 
— etin 1 
Anal On contains 12 Charats, . dle. 
1 Weight ———— 
An Ounce, contains 24 Charats, or t 
oy Weigkts—— 


+Þ UW I * 


-_ — 


2. Of the Gold of Coiners. 


„ Tae ib, Pair 


III. Of the Cuil or Common Pound, called Avoir- 
dupois. | 


II. Weights of the Hebrews. 


1. Con the leaft weight. — 

2. Gærah s —— N 
Tie called alſo A Drams 1 "Rm 7. 

1 — "I 

4 55 — — 

4 Schekel, a Sicle, contains Refod's ——— 4. 

5. Maneb, a Pound, contains Sicles 60. 

6. Kikar, a Talent, containing Sicles——3000. 


UI. Attick Weights of the Greeks. 


1. A Mite, or half a Grain. 
2. /Ereolum, ix Ooh a Dram, contains Mites 5. 


I. Semiobolus +; of a Dram,contains Ereolums 3. 
4. Obolus contains of a Dram 3 
5. A Dram, contains Ob¹ 7 6. 


6. Semi- 


ol Ch. — drichmerich. 93 
6. Savings, contains Drama 50. 


& The .ffer Talem, comans Miner" a” 
9. The Greater, contains — 


| The Ancient Roman Weights. 


1. Libro, the weight of a P contains Twelve 
Ounces, whale Narges follow. * 


For reducing acng pet Weighs to the Germare, ou 
muſt Note the Ratio's and Hypotheſes wing, 
1. The Roman Pound, of 12 Ounces, is the 
a the Phyficians is at this time, and uſed in all Eu- 


"_ 2. The 


— — 
— . x - 4 


51 PH Avithmerich.. 


the Phy ficians Ounce. 


2. The Attick Dram, and the Rear Pity” at 
Ao * witmels Puy, Book | 21. 
2 Fieht Drams, and the ſame Number of Pence 
uivalent to the Roman Ounce. 
go” 1 to che Artick 

e the Hebrew Sicle. 


Dram, and therefore 
— ws 3 ear el to 


5. The Common 
o 27 although ſome diſſent from 


— J whence tis eaſie 10 


indifferently Killed in Arithmetick, to reduce the 
Weights of the Ancients to ours. 

— [or — E Wag N. 
ture, conc eights : Not- 
withſlanding we will negle& the — between 
the Holy — the Common Sicle, which ſome make, 
and the Holy Sicle, and the half Ounce: For uy 
would have the Common to be lefſer 


Bur this ditterence reſts on a weak 


on, 
whence tis rejected by many, who all mals the 
Sicle to be half an Ounce, Bur the Holy, and alſo 


the Royal, they will in ſome place ſay, becauſe they 
obſerve che Aurhenick Example of it in the Sanctu- 


ary, or the King's Palace, where -Examined 
talſe Weights. e _ 


Examples of Redy is. Te Gems W, , 40 our, 


In Numbers cha 3 ered, tha t each Prince of 
the Tribes of rue . Tabernacle of the 


Lord one Silver — the weight whereof Was, 
Sicles or Shekels - —.— 130. 


And a Silver Bowl, wei Shekels— 70. 
| The Sum of — 


Sean. c 1 bbs. 95 


ma 3-7 
n 4 of half Ounces make 2 


had he Obs bf ens Pie was 6 3 » of 


an Princes of the 12 Ttibes brought | 
al yy Pogal. * 


=” — 


1 mag, 
in the fern Book f Sama! av the ourcemt 
Chapter, c cut off the Hair of 
bis. 3 | Oe 


— 200. 


7 


III. Example 
1 Sor. 17. The Head of Golial's $ Speat weighed, 
Shekels — cos. 
That is, Pounds—- — = 
Example IV. | 


Numbers, Chap. 5. The Princes of each Tribe of 

Eee brought | to the Tabernacle of the Lord, one 
2 Shekel 10. 
hich was in all, there being 12 Tribes, 120. 

That is, Pounds of Gold —3 3. 


Example V. 


Nambere, Chap. 31. The Spoil which the 1/7ae/- 
ites took from the Midianites, was in Gold, 


Shekels 
That is, Pounds of Gold— 523 


oo 


Example. 


6 2 Nn 
anple VI. 


bling the Thrace 8. g Gold that was expended 
; abernacle of the Lord, was, J 


1 ——— — 294 2 . 

in al. — mr 
0 2 3000 

Shekels) arne 


— 2301775. 
430 47 


39375 


O 1E. 
r ' weread, that 
they one t alents ; which the Rabbins re- 
hy. ey fay the 30 Talents which was 
19 Numbred in 1 King. Chap. 9. was ſpent in the 


Charge of the Journey. 


Example VIII. 
10. The Gold that Solomon had 


1 King. Cha 
brought yearly 


Thar i 
Or 


Beob l. Ch. Of Preffital ArivÞmetick. 57 
| Example IX. 
Davids Charge to Buitd the Temple. 

be Gold 


1 Chron. 12; Dwvid hustet Talems of G04 100000 


Alſo 1 Chron. 29. Talents . —— 
And the Fes br t.——— or 

r est ö 

f ES Of Shickel$—— 554000000 

add Drams 10000, that is, Sicles —— ——2500 

It takes the Sum of tlie Sicles 327002500 

Or of Pounds. —— 105078: 

E 


The Charge in Silver. 


on. 2 2. David Talents of dilver Ioooοο 
1 Chron. 29 he prepared Talents —— 7000 
The Princes. 


— 10000 


Sum of Talents 19017000 

1 Viale by —— 3000 
" Make 88 -=—— 305 L000000 
Which makes pound —— 950313125 


d each Ff Sil 
had ack pound by * 


Worth 3 J if we 
295 093937 J. 


10K — 
tg expend in Silver, befides the Gold, 
aul Ne and ſeveral other Materials. 


4 
e the Gold at 26 J. a pound, and ad- 


ting the vatue of Gok! and Silver together, it makes 
ry 991676 fo's. 
1955 54 
30 ou ve Ounces, or 
ee are the Hebrew Sicles : Then 


12 or the half or 
* Ar you wn our Pounds of 16 
Ounices, or of 32 half 


T” VI. Of 


$ Weights may be r6- | 


Prattical Arithmetict. pat ll 


VI. Of the Proportion of Metals. 
Since 'tis not unpleaſant to know what Pro 


98 


tion God and Nature hath obſerved between 


Nie 


tals, we have propoſed the ſame, as — 


found by learned Men of late. 
I. 4 Tae of the Proportion of the Weight Me. 
tals in 2 the ſame Magnitude. 7 | 
| ſ Ouickſitoer (714 
The Ratio of the | Lead 65 
weigh 7 2 Silver "I 56 
to any of the per SAS 100 tod 50 
_ s of tie | Fas 
ame Magnitude | Iron 1415 
with it. Marble 1 gi 
Common Stone) L105 


I. A Table of Proportion of 


the Magnitudes of 


Globes of Metal of equal Weight. 


(Quickfitoer))' 
A Globe of Gold |] Lead 
whoſe Diameter] Silver 


is aſſumed 100 m | 


deprchended by ſo 
which we here ſpeak ) rot only among 


alſo in each kind there i me difference of 


C110” 

115 
Whoſe Dia- 1 
meter is of 126 


Parts Eq W the ſame f 132 
derates a: Globe = Parts. 134 
Of —— — | Marble 1 186 
. 211 
Natwithſtanding we muſt know that theſe t 


ome accurate Inquiſitors of pure Metals, 
themſelves Ln 
, fo that old 


to Gold, Lead to Lead, is found heavier and h ghter if * 2 


gree in Magn: tude: 


Yea, and Forged Metal 
etal, fince its parts are preſſed together 
thn by melting or caſting : Therefore we 


outweighs 


by ſoicing, 6 = — 
o not hete ſeek con- 


cerning all ſorts, but are content with thoſe we have touched 


up ou. 


CHAP. 
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CHAP. I. 
O things Pertaining to Money, or of Money. 
I. Of German Money. 
L is great variety of Money in this Age, 
4 = which variety we ſhall chooſe two 5% 
our e. | 
1. The Gold, which is called a Dacat. 
2. The Silver, called a Rix Dollar. 
II. In theſe we muſt confider two things, 
| 1. The Value. And, 2. The Weight. 
For the Ligature, or mixing of more vile Metal, 
and the Proportion of the mixt, which in this unjuſt 
age, according to every ones Avarice, infinitely dif- 
fers, in this place we do not Treat; ſince our intent is 
only to ſhew the Proportion of the Antient and 
Modern Money, to the better underſtanding of rhe 
Ancient Writings. 5 
III. The Value conſiſts in theſe things. = 
1. Two of the leaſt Pieces of Money of Coiners, 
viz. 2 of Strasburgh, or in our Time, 3 of W:riem- 
berg, make a Croſs Penny. 
2. Four Croſs Pence conſtitute a Bazium.  . 
3. Fifteen Baziums, or 60 Croſs Pence make 2 


Floren. 
4- 100000 Florens is a Tun of Gold, and 1000000 
we uſually call a Million. 
” IV. The me Sums of this Money are alſo e- 
of ſteemed by Pounds, and 1 2 Half-pence, or 6 Wirtem- 


ut berg Pence make a Shilling, and 20 Shillings a 
4 Found: And between Pounds and Florens, this was 
* the Proportion, that 7 Pounds was Equivalent to 5 

xe Florens, v:z. a Floren was 28 Shillings. | 
A V. The 4 = which concerns a Dollar, by the 
Laws of the Empire it ought to be ot an Ounce 
GS | weight, 


teo Probiycd) Artvineltck. Fand N. 
weight, and the Ducat alm 


the weight of a Dram, 
5 being ſomewhat Teller : 4 er 5 . make 64 
6. Fre Proportich of Edd aud of SINE in the 


= 2 h the in all Ages, and in its 
ne * - cle an wt 0 Gold to 
Silver of the 


= 2 
to 56, *. Acco 11 hire as 1 5 ro 
contracting the Terms, as 5 to * 1 
. 3 Lorton of 


the Proportion 4 20 22 Sv 
Ralle of Mg wer is various, | Goh geable 2 15 
to the wills en. 
| in ch Ur i was in Decuple Proportion, as 
| appears by Livy 


2. Afterwards, 26d is now in 1 td Ar 
portion, that is to Ay. if a pound of Silver 

8 dis now ) 3 al. h Poun of Gold is Woch 36 7. 
| mp. 


. In the Imperial Affembly in the Yeat 1559, it 
* eſtimated * Governors the - at 
ae 


an ounce of ſealed Silver ſhould afore- 
ſaid Croft Petifiys. But 8 | 
qual in weight to 2 Do an 
mated at 832 Pence, and 10 it was 3 
12 times dearer than 1 a 

8. But at this day ohe Ducat to two Dollars 
16 times h vier; EAI! Dwodecuple ro Se 2 fe; 
fo that one 1d is changed 428 87 16 
of Silver. 
9. And becauſe the weight of à Ds 
Ounce, and rhe weight of a Ducat almoſt a 5 1 
- is conſtant, and ſo tis uſually laid, that 8 h 
are equal in weight to one Dollar, or more 
67 Ducats is equal in weight to 8 D6lai 
Sums ot Gold and Silver are Sided to * I 
from which the Value ar any time may be eafily 
eſtumated. 

II. of 


it as e 
note 
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IL Of Heben Maney 

1. The Sicle or Shekel was maſt in uſe, which 
word was attributed to weight, and to Silyer Money 
of half an Ounce, of the Value of half a Rix Dollor. 


Tie Sicle of Gold is not in ufe : therefore where 


a Sicle of Gold occurrs, its weight in Gold is to be 
undetignd. ) 


2. And the whole Bicle had its parts, to wit; 

1. The half the Figures being the ſame 
with the whole Sicle (which on one fide was a lit- 
J 1 an the other, the 

70 55 208 of half the weight 


he ne ape 

* . of which we 
read in 1 Sam. 9. 8. which was called Refa, being + 
of a Dollar. 


3. A twentictþ part, called Gera. 
Moser bali in our Time, ' 
A Penny, 


Phy n 
s Natur 34. it was 
a being En 1 ate ſome 
make it — 
2. W e 2 7 Ronen 85 7 2 Drams, be- 
ing 2 „or of the value of 
Seven Pare | Y of. d Money. 


3. of: db Drams, in value + a Dal- 
7 ws Higranyn une Chap. 3. in Exech. 


2 art ot a Roman Penny, or 4+ of a 


we, 1 or of one Croſs Penny. 
drone, + 178 Croft Penny, of which we 
EY * 12. 42- 


III. of 


102 | Practical Arithmetictk. Part ll. 


III. Of the Money of the Greeks or Grecians. 


1. Of Gold. 
. Serhe xgvorys, weighing 2 Drams. 
2. Hwy evorvs, One Dram. 
2. Ot Silver. 
1. Ag wn, The Weight, and the Money was the ſame 
Quantity. | 
2. HurSezy pr, Half a Dram. 
3. AiSezxuer, of 2; Ted ese, of 35 Tilegdenxmnr, 
of 4 Drams. | 
4. 0&0, a ye of _— 
35. Hyuvofoxcy, the twelfth part of -a Dra | 
6. Gig, 23 Terwbhaor, 33 Tergab2h0r, 4 Halfpence. 


IV. Of the Money of the Romans. 
1. Their Gold was of divers Weights, eſpecially 
under Heliogabalus, which raiſed” it from 2 : 
which his Predeceſſors uſed, even to 200 Drams in 
Weight. * 
2. And of Silver 1 LS (ES 
1. A Penny, whoſe Weight, according to Pliny, 
was of a Dram, and had its name thence z which, 
with the Germans, was the value of As ; but it a 
Dollar be eftimated 80 Croft Pence, a Penny was 
. valued at 10 Croſt Pence. | 
2. Quinarizs, having the Image of the Goddeſs 
PViffory upon it, being half a Penny, with us in Exg- 
land half a Groat. | ; 
3. Seſtertius, the fame as 2 Quadrant, or half a 
Dumaris. 3 1 
Here we muſt Note, in Roman Writings, by Se- 
flertium, or Seftertius in the Maſeulmg Gender, we 
underſtand ſo many Silver Seſtertios, as the preſent 
number ex preſſes: But by Seftertia in the Plural 
Number, is ſigniicd ſo many Thouſand Sefterrros : 
Laſtly, by the Adverb, and the Genitive Plural ex- 
preſſion, they deſign ſo many Hundredth Thou- 
a fands. ; AE "IEP 37 
E Same 
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Some Examples of Holy Scriptures. 
1. Matthew 18. 24. An ill Servant owed, 
Talents ———= ————— loco 
That is Sicles, or Shekels 30000000 
Which is of Dollarsw—1 5000000 
Verſe the 28. His fellow Servant 
owed him, Pence 8 vs 
Or 15 Florens, 40 Croſs Pence. 
2. John 12.5. Marys Ointment of Spikenard 
might have been ſold for, Pence—300 
_ _ . . The Sumof which in Florens is 50. 
3. The Price of the Magic Books conſumed by 
Fire at Epheſus, was eſtimated, Myriads—5 
Where, if according to the Propriety of Holy 
Scriptures, we underſtand Pence, 
It makes the Sum of Pence—50000 
That is of Roman Croſs Pence 50 
Or Florens — 83333. 
V. The Value of Hebrew Silver Money in our Eng- 
. Tiſh Coin. > 
1. The Sicle or Shekel of the Sanctua- s. d. 9g 
ry, being double of the Royal Siclz, is— 1 2 6 © 
2. The Royal Sicle -: 3 0 
3. Gherab, Agorah, Ceſhitah, Money 3 
having on it the Image of a Lamb—— 8 
4. Mina, in Latin ſignifying a pound of 15 Ounces, but 
Libra, a pound, hath but 12 that being Haverdupais 
weight, but this Troy weight: A Mina, or pound of Gold in old 


Time was worth 75 J. they eſtzeming Gold to be Decuple of the 
Value of Silver; but tis now eſteemed Duodecuple : But it ſeems 
Gy _ their Silver at a higher Rate than we do, for they 
e | , or pound of. Silver of 16 Ounces, to be worth 
71. 106. tha. is 9s. 3 d. aa Oance, whereas we reckon it at 
$ c. per Qance Troy weight, and ſo a Troy pound of Silver is eſti- 
mated at 3 J. and a pound Troy weight of Gold is worth 38 J. 
$5. The Talent which weighed 3000 Sicles, they eſteemed in 
Gold to be worth 450041. And a Talent of S:!ver they valued at 
: 357 l. as Mr. Rider faith ia his Dictionary, but according to De- 
cuple Proportion, a Talent of Gold being worth 450 J. A Talent 
of Silyer is worth” 412 . 10 #. | 


I 4 Grecian 


$04 Practical Ariehmetick. 
Grecian Maney of Siler compared withEngliſh. 


The Attick of Arhens.Þs. d. 9. 
in * gr of our Bug Money 7 2 

O 

Stater, , 7 ee — 8 3 
Macedonian —2 9 1 
Didrachmum, ot 2 Drams —1 3 © 
9 or 3 Drams————1 10 2 
Obolus, Att ick! —— — 1 1 
Obolus, —— — — 0 2 33 
- — — 0 0 22 

Diobolus — — 7 8 
Altich--—————— 06 3 3 

Triobolus, — SI SELLER <> 59- 


Erecian Money of Braſs, compared with Engliſh. . 

Aﬀorixe, in value of Ex 855 Money— 9 If 
Duadrans, or + | mr of Obolt—— —o 0 17 
Minutum —— — o of 


Of Gold Coin of Grece, compared with Engliſh 


An Attick Stater contains 2 
this, according to the Grecians Propor. 
tion, to wit, Decuple; is in value but 


I2 s. 6 d. but according to our Pro- C 7 2? ® 
portion, which is Duodecuple , tis | 
worth — — 

Stater Mace donicus weighs 2 Artick* 
Drams, two Obolus S, two Srlaquas 189 | 
of their Proportion 15 s. 5 d. and of? # ® 


OUTS= mo — 
Stater Doricus \ is equal to the Artic Articł | 
Statery therefore in our Value 3 9 £ 

Stuter Cayca, 7 their Pre- 21 0 © 


Parten 17 5, 6 d. according te QuiS— of 


\ 


Pact Ul. 


1 Il. eee Kauletick. ans; 


The Attick Pound comaigs 100 1 9. 

Dem, dis weck of os 2 6 9 

— EY... 35 

9 O 

9 © 

46 © 

© © 

6 © 

© © 

0 © 

xandri © o 

The old Sicalum 2 9 0 

e 3 3 9 0 

The new Siculum—0 1 10 2 

— oh iu ——0 2 3 3 

4: or Ales the ler, {+ of De- 
TY TT INS 
or ＋ is 10 E900 

„ a 3 

Dee which is in ou, 0 


dI 
S, 


The new Denarizm, with reſpect to 


which all our Computations are made, 0.7.2 


The Value of Axcient Roman Money of Silver. 


115 alſo Bu re 
— which contains A. 24 0 


— ͤ UU — — 


Practical Avrithmetick. 


x06 


Patt II. 


| Fl, 2 7 s. d. g. 
like a leaf, : of a Siligue———- So 0 0 12 
Of Silver. 
Miliarifium, I of a Solid Noble | 
in Value, therefore fince a Noble „ 
weighed 2 Drams, tis in Value 
Siliqua, or Caract, 1 of a Dram — "i 
0 


the greater is in Value 


. — ſimplex, in Value —— 
Of Gold. 
Conftantines Noble, in our Value © 
Valentines Noble - © 10 
Scrupulum —— — 7 
Sums of Money in Gold. 
Seſtertium in the Neuter Gender, which — 5 
tains 1000 Seftertios, in our Value * 
Libra, or Pondo, a Pound BY 
Talentum, or Talent, which contains 24 Seftertia 137 10 
Sportula, which contains 10 Sefferti05 oo I 


Of Engliſh Money. 

1. A Farthing, is the kaff Coin, being made of Cop 

2. A Halfpenny, being 2 Farthings, b alſo made of rae 
formerly there were Haltpence made of Silver, but face the de. 
novation of the Coin, Anno 1697, I have not ſeen any. 

3. A Penry, containing 2 Halfpence, (Silver bong a at * 
$s 5. an Ounce ) weighs, Grains 

4. Two Pence, weighing, — — 19 Fj 
_ 5. Three Pence, weighing 1 Scruple, a and Grains 4 $, 

at is —xꝛ 

6. Four Pence, called 2 C a Groat, weighin 1 
aad 3, and 2 Grains and Þ, that ; weighing — a 


RO Mm wu 


0 0 w 
woo © 


7. Stix Perc » ncighing 2 —— and 4, 

that is — . 5 $73 
8. A Shilling, coptaining 2 Six nces, wet hing 

Dram 1, Scrup. 14, 8271 or r= — — 11 
9. An Half che, containing 25. 6d. weighing 

half an Ounce, o 4 Prams, that is, Grain a mb 288. 
to. A Crown, irg 535. weighing an Ou 

cr 2 Drams, thay nn — 8 — 575 

11. One 7 is Eſt mated WE 


A Tab 


7 A. © 
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4 Table of Weights, ſhewing the Proportion of Gold 


bo by yg 


i. 14255 e 
donde ff 5 0 0 0 Snot in Gra. 576 


. 


eee 
—_— 0012 cont. 2 Oboloss 
Gald. J valve; 0260 


— t in Grains 24+ 
Obo. 

— 27350 

c Jef Gd, Jeg 0.0.5.0 Jedes Graim g. 


os Lol, Friel % 1 


«wo uy * Ah. 


2 | * 


CHAP. III. 
Of Liquid Meaſures. 


Of German or Wirtemberg FEY wary 


Meaſure, the general word is uſed for the 
particular, which hath its parts, 2, 4, +- 


This 4 part is equal almoſt to the ca acity of ſix 
hen Eggs, whence alſo the capacity of a Meaſure 
ought ro be eſtimated. 
5 2. Ron this Meaſure is twofold. 
. Uſual. 

z . Ducal, or belonging to a Duke. 

3. Between theſe, this is Fo portion, that 10 Du- 
cals make 11 Uſuals, viz. in —— Se 1 b al 


d+cima, whereby the Ducal exceeds the Uſu⸗ 
7 * arr. 
F 2. Ten 


x08 


gerad of 


2. Hix, containing 1 * 


3. Bathus, containing 6 
1 half. 


4. Corus, or Chomer, the meaſure of 10 Bathus, 


of Lo of no defi- 
„chat it way 
conveniently be carried on the Sho ders, er in their 


of 60 Hing, and 720 
5. Cadis, a common 
nite Meaſure, but of * 2 Quanti 


Arms, it holds about 4 or 5 Gallons. 
To Compare the German and the Hebrew Meaſures, 


is eaſe. 


For 1 of a Ducal Meaſur 
are of equal Meaſure, to wit, 


ſix Hen 

Firſt it appears to be ſo by 
Rabbins delle the ſame, ** To 
in lib. Rad. And Buxtor fiun in 
Word Log. 


flalf an Him Q "oo 
of an Hin is o 2 

2 ot an Hin is o : 
2 of an Hin is © 4 
A Bathus is— © : 


of the capacity of 


alſo the 
ſeen in Kimchi, 
is Lexicon, on the 


A Table of Hebrew Meaſures reduced to German. 


ODDO 020 
Q 


% 
8 


O W 2 


1 Path, 
3. Ten Meaſures added together is an Imi which 


. 
4. An Urn contains 16 Akurat, or 160 Mea. 
A ee Hane 6 Un, that is 36 4. 


The Heloew Auen or 


f 6 
Wola Ihe my Ap y 6 Fan or 
® 3 Ovants. 


and an Hebrew Log 


— 


f 
( 
If 
f 
0 
2 
lo 
ib 


ba Ch. il uf be merit. 10g 
| Dae, br Guat, phetalls 5 Lev we Adidbotas, . 
that is 90 MealWed „but 9% un Mealinns, 
wat W 45 Gef Slg häte 
bene F Seriprurr. 
L n + Kongo . Z. Mies of Solemen is Rid to 
——— (fora Fath co 
con- 

un ee 9 
Prodixes af Dural Wirremberg Mraſures - i 8000 
That is, 18 Izder or Plauſtrumt, 4 Emer or Urns, 
ind 6 n, bt go Meaſures, 
7 22 
German Mate: 10 be kalk a f 6 wel nd 14 
i Fon } & pint, and 8 Hen Eggs contain about 


by <0 * — 


{2 Pint; wei a Meaſure is to tro 
arts, wherefore multiplying 18000 Meaſures 
+ ke Produkt 18 Quanrts, that is, 9000 Gal - 


lons, which is in Wine Meaſure 35 Tuns, 4 T. 
ind 12 Gallone | * 
Il. 1 Kings 7. 39. Johan trade 18 Lavers upon 
10 hning BARE, each containing Barbs 40; that is, 
2 or Un, #hd 4 bi of in ene Pa- 
. That is in dur Meaſure 180 Gallas. 
III. 2 Chron. 2. 10. Solomon ſent to Tyre, to the 
Feivets of Timber, of Wine and Oil, Babe 2606 
- That is, Meaſures -. 1808600 

Of Einer or Urns —— —— —1125 
Of Inier or Plinſtro>=—=n== 157 K 
3 Urns. | 


il. The Eighid Meaſures of the Rotnans are theſe. 
I. Ligala or Cochltare, being 3 Dialns and a Scru- 

le ot our Engliſh Weights. . 

2. Cyathas, contains 4 &igxl/as, that is one Oymce 

un half, and 2 * a Scruple of our BN Cb 


2. Aceta- 


110 Praſtical Arithmetick. Purt Il. 
3. Acerabulum, that is 6 Tignlar, or Cyathas 1 +, 

' that is 2 Ounces and + of our E lifh. 

4. Auartarius, that is 1 Acetabulas, and 5 of Sex- 

5 that is 13 of ours. 

5. Hemina, half a Sextarij, or 10 Ounces of ours. 
6. Sextarius, + of a Ty; 2 Heninæ, that is 20 
Ounces of ours; that is, 1 

7. Congius, or Congiarum, 6 3 12 Heminc, 
that is 120 Ounces of ours, or 4 Quarts 
8. Urna, that is, 4 Congius's, or 40 Pounds, or 4 
Gallons of ours. 
9. Amphora, that is 2 Urns, or 8 Congius's,that i 
80 Pounds, or 8 Gallons of ours. 
„ that is 1608 


10. Culens, that 1s 20 
Pounds, or 160 Gallons of ours. 
N Bo 3 is likewiſe TP Auadrantal, 
gure, fox tis a Cubic Figure of 1 Foot 


2. 1 is twofold, belonging to the City, 
as aforeſaid, and belonging to the Camp, which is 
doubly greater. 

2. Sextarius, becauſe it contains 12 Cyathos, i it 
hath the ſame diviſions as a Pound. 

The Reduction of the Roman Meaſure te the Germans, is this. 

1. Under Veſpaſian Cæſar, a of Fountain Water was 
DN which Ratio 80 Pounds fill the 
Ramen Ampbore, bing 8 ce. n which alſo Pliny and Galen fe- 

2. And the Roman Pound was of 12 Ounces, the ſame as the 
German Phyficians uſe, as aforeſaid. 

3. Since a Fourth Part of the German Ducal Meaſure weighs 2 
Medical or Troy Pound; a Roman Congins will receive 10 pounds, 
or & of Ducal Meaſure, that is Ducal Mcaſures 2 4 : So then, 10 
Meaſures or Ini equal to 40 J. 

Imi, Meaſures 7, 
A Culeus will be 40: 
An Amphora is O2: 
An Urne is ol : 
Congiu i CO 3 


A Sertari i:. OO : 
An Heinina 5— Oo: 


90e 


1 
7 


. 


0 O0 Oo oOo 0o0 
0 0 0 0 0 


STC cc. _ o- FO Eg 
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Ini or to Meaſ. Maſe, or 1 meaſs . 455 N H. * 
Nuartarius © ER 124 : 


Acetabulum o 
athus © 
2 — o 


- — — — 


Cyatbus the Quadrup ] 
Acetablulum, Sextuple of Ligula 7 
Quartarius, double of Acetabulum 7 
Hemina, double of Quartarius, 1 5 of the Eighth 
part of one Meaſure. 2 3 
Sextarius, double of Hemina, 4 of one Meaſure, 
wanting + of 5. 


1V. Liquid Meaſures of Grece, of the Atticks. | 


1. Cocbleariam the leaſt Meaſures of the Liquids, 
a Spoonful. | 

2. Chus, two Cochlearias, 2 Spoonfuls. 

3. Cochlearia 21, Cheme 1%, Chema is 2 Drams, 
1 Scruple, 4 Grains, and 4 of a Grain of our Exg/zh. 

4+ Kiayn wioes 2. | 

5. Cyathus is 2 Concha, and Concha is 2 Spoon- 
fuls, or 6 Drams of Engliſb. ot 

6. Oxybapbum, is Cyathus 1 2, that is, 3 Conchas, 
or 2 Ounces and 2 of ours. 

7. Cyathus 3, is 6 Ounces and 6 Drams. 


8. Kerwan, or Cotyle, numfuaie, 2. Yulape, 4. Ga- 8 


thus 6. that is 1 pound, 1 Ounce, and +. 

9. Sextarius, is 2 Cotyles, that is 2 pounds and 
3 Ounces. | ® 

Io. Chema, is 6 Sextarius, or 12 Cotyles, that 1s, 
13 Pounds and 2, almoſt 5 Quarts and a Pint. 

11. Metreta, is Choe 12, Sextarij 72, tis called 
afo Ampbora Attica. _ 


Profvical Ariohderick, Tant 1h 
The Proportion of the Attith Moofares 10 
þ 4 German. 8 

1. Coryle of the Greek (according, to gy | 
Auahors ) is +» part than the {we 
ſo that 10 ( make 9 Hemins. 

2. Then fincs 3 Roman Hemine, is of this Du 
Meifire :: 2, 2 afcreffif: 2082 Ne 2 
protiice 13747, which drvidet by e, dure 
the capacity of the Coryie : 2322 of the Duca v 
— Merſinre. | 
$5 ther the If 48 netr #4 thay be 
Ini or Meaſ. 10. Maſz, or Mea, 1. -, 3 whe wires 


Merrers 2 FP 6 
Der „ 0 #8 
Sextaria. r 4-8 
1 

5 4 

3 8 

663 

1 

7 8 

® on 8 
Cooblearivim $ x 


Clearer, and near the Truth. 2 
j 


1 CO hy 
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retra 21 
Dae 
Fextarius 


W 


| 


A Firkin of Ale- —— o8= 16 
A Firkin of Beer og = 18— _— 
Ar * Ale = = 165 3 

A Kilder. of Beer, 3 ws 

o Runlet of Wi 
A Barrel of Beer, 
or 2 Runl.of Wi 
of Wine 63=—=126==252== $04—t008—2016 
ATercion of Wine — 84—168—=335= 672=1344—2688 


4 Butt or Pipe — =r 26==2525=504==1008—2016==4032 


A 


1 Table f 1 7 Eng Liquid 


Meaſw ure. 


Gallons. Pottles. Quarts. has tet ! Pints. 
32 64 128= 256 
72= 144— 288 
— 428 = 286 ＋ $12 

256— $12==1024; 
nll = 18= 3 144= 288= 356 


= g6= 7a=144== ab8— 975—1152 


0e 
A Tun of Wincm—252==g04=too8—201 6-—4032=8064 
ATun of Sweet Ol—2356—472=2944—1888—3776 —7552 


This S 


ymbol = Equal to : Read the 


bignifies 
Table * ; A Firkin of Ale equal to 8 Gallons, 


d Gallons 


equal to 16 Pottles, 16 Pottles equal to 


22 Quarts, and ſo of the reſt. 
Note, That the Beer or Ale Gallon (now in uſe) 


co tains 282 Cubick Inches, and the Wine Gallon 
2.1, and the Corn Gallon 272 4. 


A Alno containing 8 Men 

3. The comparing of theſe l 
* of Liquids is thus. 

Trya es of it Was found out, 2 0.97 
N — in. Proportion to the. Capacity, of 

eaſures 12 f very nigh, exceeding only * 

oßa 3 — For a Meaſure A Weng NS 122 
that'is, 72 Meafures 1 f . If, ney that 
near Proportion be retained for the 1 & Tou- 
rs, ii bath, 2 n 


714 4 Meaſure, is 6% | Meaſures. 2 
£1 of: a Mraſare, is 2 1 1 
7 1} a Megs 14 2. 


Book ll Ch. IV. & Prefficel Arithmetick. 115 
II. Of the Hebrews Dry Meaſures. 


. I, Cabzs, whoſe capacity is eſtimated 24 
full, being about 3 Pines and 5. es. 
2. Satwm, being 6 Cabuss. | 
3. Epba, containing 3 Satums, or 18 Cabus's. 
4. Gomer, the Tenth Part of an Epha. 
5. Corut and Chomer, containing 10 Ephas, or 
30 Satums. 


6. Lethech, is half a Corus, or 5 Ephas. 


Me Redudfion of theſe Meaſures to the German 
| Meaſures, may be done thus. 


1. Batus in Liquids, and Epha in Dry Meaſures, 
ſo alſo Corus or 7, both in Liquid and Dry 
Meaſure are the ſame. 3 

2. Since then the capacity of Batus was found 
to be 9 Ducal Meaſures in Liquids, the Epba will 
be the ſame : And the Crus or Chomer is 9 Amphbo- 
ras, or 90 Ducal Meaſures. 

3. LE, Tags a Satum is * of an Epha, it will 
contain F eaſures, which is alſo the capacity of 
part of a Madius, to wit, of Meaſures 12 f: For al- 
though a Fourth part of a Modizs contains 3 Mea- 
ſures, and + * ; Nevertheleſs, becauſe this Capa- 

city is a little greater than juſt, 3 whole Meaſures 
may be compared with r of a Modius without any 
inconveniency : therefore let Satum be 3 Meaſures 
in Liquids, and 4 of a Modius in Dry Meaſure. 


In this Proportion in Dry Meaſure is containel. 
1. Cabzs, a fixth part of a Modias. 


12 2. Satan, 


116 ade Anek Pars IL 
2. Satum, one ; or Tg ates 124. 
3. Epha, 3 Modius s, or Mea 37 
4. Gorus er Choner, 7 + Modius's, or Meafures 
34 

? 5. Lætæch, that. is 3 Modizes, or Meaſures 57:43. 
6. Gomer, " anſivers very near to one uſual | Mea- 

fure, being ſomewhat leſs tian an Eighth Part of a 


HS. 


Examples 'of Holy Scripture concerning Dy 
Meaſures. 


I. In 1 Kings 4. 22. And Salm «Proviſion for one 
day was 30 Crus of fine Flower, and 60 Corus's 
of Meal, that is 81 Medimnus's db the Germans, if 
we attribute to Corzs go, and to Medimnus 100 
- Dacal Meaſures : But if to Corus we allow Mo- 
drrs's 7 in it produces 84 Medimnus's, and 3 Mo- 
di:is's of German Meaſure. * 


II. I Kings 5. II. And Solomon gave Hiran „ King 
of Jyre 2c000 Cores of Wheat, and the ſame num- 
ber of Coras's of Barley, the Sum whereof is So 


THS'S 40000. 


That is 36000 Medimnus of Proviſion. 
of Grecian Dry . 


. Cychieare. 


0 


Ga bus. The Capacities are the 
. . Gylaghons lame in Meaſure as 

4. Cot yle. in Liquid. Ts 
M4 Sextarius. 


6. Medimnus, contains Chenicas 48, anſwer- 
ing moſt plainly to Merreta : Hence tis plain. 


The 
© 
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The Redufion of theſe Meaſures to the German. 
For fince Metreta contains of German Liquid 
| Meaſures 27, that is in Dry Meaſure, Modizs's 2 +, 

the fame alſo the Hitict Medimmm contains. 

And this Chænicus, Se xtarios, and Cotylas being 
divided into the parts of Medimnus, conſtitutes the 
ſmall German Medſures of Dry things, rather Mea- 


ſuring by Weights than by. ſmall Veſſels. 
IV. Oy the Romans Dry Meaſures. 
3 / | y _ — 

I. Ligula. 

2. Cyathus. They are likewiſe the Meaſures 

3. Acetabulum. > of both kinds, as well of Dry 
4. Hemina. \ as of Liquid Meaſures. 8 85 

5. Sextarius.. 3 


6. And Modius contains Sextarios 16. 
7. Semimodius, the half of it, or Sextaris 8. 


The Reduction of theſe Meaſures to the German. 
We have before made the Sextarium 43 of German 
_ Meaſure. * Fo R 
dug then being Sextarius 16, will be , or 6 
Meaſures. | „ 


A Table of Equation of Engliſh Dry Meaſures. 
| La Weigh bald Luar. Buſh. Pechs Pint: 


One Laſt is — i— 2= 2: 10-—=80— 312028120 
One Weigh 2 11 5240 = 160—2550 
Oac Chaldron of Coals is. 1 = 44236 = 144 —2093 
One Quarter of Wheat is — 1 2 8 32 2 312 


Pecs. Gallons. Pott les. Suarts. Pint: 
One Bufhel of Water Meaſ. is 5 — 10 20 40 82 
One Buſhel of Land Meaſure i- 4 — 8 16= 32= 64 


One Peck is =-l—= a= 4= 8= 15 
One Gallon is — —  .- w⁴ 2 ＋ 8 
One Pottle — — — —  -- — 2— 4 
% One Quart is — — — — — 2 


118 Profficel  dritheretich.. NU. 


A Table of Equation for Engliſh Money. 


Marks, Angels, Nobles, Crew. Shell. Gre. Per. Rarth, 
1 J. Ster. is 112 2 3= nm 


AMokis = . 235 1344: 40=160==640 
An Angel is —T . 11 22 r PAGCINS 


A Noble is — i= 6-8: b $30 
A Crown is — — $— I; 60240 
4A Shilling in nr nmr mmm —— 3= 12:= 48 
A Groat Se ——— 4= 16 
6 — 4 


A Table — for Troy V. . 


Pounds, Ounces, Pen. weige Cardts, Grains. 
1 Hundred Weight is 100=—=1200—24000—28800-=g76000 


4 a Hundred Weight is 30 600—12000==14400=288000 


4 of a Hundred Troy is—25 . 300 6000== 7200=144000 


4 of a Hundred is 12 4— 150 3000. 3600== J2000 
1 Pound Troy is 


I I2= 249 288— 3760 


1 Ounce Troy iS——  —— 0 480 
1 Penny Weight i. — — 1; 24 
3 Carot Troy is- — SJ 


* * 


Book. Ch. N Preftieel-deifhmerick. 429 


Ie Ale elne 0 — 42 A * 
4 Table of tion for Avoirdupois 
Weight in England. 


81 Med is 5 100 F 10 % A 


Hand. Ston. Pund. Ounces, Drams. 1 
ITin wt. 


groſs is 20=280=2240=3 $840528þ 7204850160517 209200 
I Hund. is 1=14==1 12==1792=14336==43008= 850160 
i e hid, to 01 591 57 10 £21T Ag 


One 1 . i . $6==514 149=11524 430980 
4 of an Hund. is- 3 = 23— 448= 3384210752 ih 
4 of 4 of an Hu.is 14 1422 2 == [375=107520 


1 Stone weight is=1== 8= 123 = 1024— 3022 ys 


1 Pond is — 18 1 ok 
=, ven + als . 2 


10 % 


7585 


of 2 eee e 
| OR * f the Genman. * 


1 A dag ef hel Buntes es g 
| ley : Hemer they arr. 

2. A Digit, the breadth of 4 Grains. 0 

3., An Inch, being 1 + of a Digit. 

4. X Palm, being 4 Digits, or 3 Inches. 4 

5 4 3+ 


6 Peu übel. Part II. 
5: A Span, of 3 Palms, 9 cr 12 gies 


6. K Foot, © of x2, SF I 

7. A Cubit, of 1 Foot and an hal, - 
of 6 Palm. 4 * * WA. OY 8 

"0 "An Ell, of 6 Fo b eee? 


we” 4 += 


„ A Perch of 16 Fee r I50 of hich une an 
Arts of Land = that is Perches — ine 


Ten. 01-4105: : C 
E OS Hebrews,” 


— 9 


| 7, Eebs, 21 PIE 
2 Tiebach, H 4D igits, or 3 Inches. 


** — | — — OO9GRG—— - 


3. Dſereth, as of 3 Palms, 9 Inches, or 12 


whic — Elin 
2 W fare» "that & a Foo: 
and an half : Or Holy, which exceeds the Com- 
I t, containing 28 Digirs, or 
21 


5. Caneb, a Mefaring Pole, a Reed or Perch, 
. won ve ſewer fer, of Cubts. 


The Holy K3echiel. did copſiſt of 6 Holy 
Cubits, or N and an half. But the mage 
| one is 9 Feet; far 41432 
Foo an an hall, 6 of hich made de 


mg 
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Il. Of the Orecians. 


I. Fane git, 3 Breadth of the Finger. 
27 4 0 4 Digits. 
bei between the Fore- 


3- 
an 18 extended to the utmoſt, 

nhſting of 1c Digits, or of Palme 2. 
4. A Right Palm, is the meaſure from the firft 

x of the Palm, 18 the upper part of the Middle 
Finger it is 11 Digits. 
5. Anda, 12 Digits, to wit, The ſpace between 
the little Finger and the Thumb, * being 


extended. | 
6. A Foot, of 16 Digins or 4 Palms 

J. The leſſer ſbortned Cubit, the meaſure from the 
Ty to the Fingers incloſe being Digits 18. 

| greater ſhortned Cubit, the meaſure from 
the Elbows to the Fingers bent, containing 20 Di- 
its. 


9. 4 Cubit, the Interval between the bending of 


the Arm, and the u of the Middle Fi 
being 6 TA © 29 Nees. " 


10. 4 Pace, its Appellation is taken from ſpread- 
ing abroad, or ſeparating the Hands : for it is the 
Extenfion of both with the Breadth of the 
Breaſt, called in Eng/and, Fathom, or 6 Foot. 


11. An Acre bet an 100 Feet in Len and 
WF, being gth 


F 12. Ar Aer. being half ſo much. 


. Of the Romans. 


1. 4 Digit, or Breadth of a Finger. 


2. 4 Palm, conſiſting of Digirs, or Fingers 
Readths 7M 15 
2» 
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= A Fort, of 4 Palms, of 16 Digits, divided in- 


wo 6 Ew bag ro natal 


1 A Pace, 5 Feet. 
Hence ore Meifurer belonging — 
n WP The leaſt Maler. bel 126 Feet loſg, and 


. 8 


of Contr theſe Meaſure 2 the Way 


There was great variety of theſe Meaſutes among 

by ren of divers Pope, at this Day, not only 
divers People, 2 Wo 158 10 

oor 


i variety of Places rs 
on of the Grecians, was 252 > and half 
ch of it, that is, a wy. Twentieth part 
— ſo that 24 Feet of the Greciant contain 25 
Rowen Feer : deore the Ronen Foot I s dflic- 
wiſe aſſigned by ſome others 
Whence tis difficult, or rather imp 1 * in- 
ſtirute a Compariſon between theſe 
the German Meafures. 
For fince for the moſt pa tt, the Meifures 22 
Ancients, as well as of the Bak are taken 
the Parts of Human, Body of Juſt. Stature, — 
fore it behoves chere ſhould be no great di 
between them: And therefore we ſhall not err — 
from the Truth, if we uſe t Foot for the 
Foot of the Ancients; and it alſo Judge of 
other Ancient Meaſures en, trom am mf ot. 


CHAP, 


* CM. r menu. 133 
NAP. WL. 
Y; how 14 in Neu; the Dies 1 


l E W TY 

— of cm ra 
day are medſured, by Miles, from a word 

borrowed of the Latins, which thin is divers: For 

eye + 22 Miles by the - R 
ex myeller performs ſome 

which Time,” foie conftiture longer, and others 


2. Yet for the moſt part they define a Mile by the 
Journey of 2 Hours, and tar zeoodng ro the Pars 
of Hours, is to be di into Halves, Quarters, 
and Eighth Parts. 

3. Some People of eee aſs Leagues, as the 
Spaniards, and they define a League by an Hours 
„which alſo are Travelled ſooner. by ſome, 
and flower by others; — RCP 
Fallacious and Ambiguous. 
4. I the Ancients there was a Method more 


* 

d 4 The Remax and t the Greeks did begin from a 
bot 

Ie 2. From a Four was made a Pace, among the Ro- 

nur 5 Feet, and among the Greeks 6. 

2 3. Thence a Stadium, — of the Romans 

e 125 Paces, that is, 625 Feet, and of the Greeks 100 

h Faces, or 620 Feet. 

e 4. Stadium was received among the Romans ap- 

of WM pertaining to a Aile, which was of 8 Stadiumt, or 
loco Pace ( whence the name arrived) that is 5000 
Feet, as Columela teftifies, although Plutarch and 

P, Suidas a aſcribe ta à Mile ſomewhat leſs. 
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Of Reducing the Ancient Mer of the Romans 
to the Germans, 4 af this day. | 


mw hy 
* : F 4d 1 
. 


Since there are great variety inions about 
this matter, let us hear firſt what Lipſivs Hays, 
which was the great Admirer and Inveſtigator of 
Rowen Antiquity. He in his:Epeftalreal Inflit imions, 
Century the 3. Epiſtle 39, to Nicholas Micaultium, 
. / fg F 78384 8 by n 

e, ſaith he, for the maſt part compute | 
and thoſe we finiſh by Horary Space. Now 'tis — 
bow Antient or Roman Miles are in our 
League ? Commonly they allow three, and not amiſs, 
if we conſider the Italick or Roman at this time; if 
the Ancient, I fear they err. He that inſpets and 
compares the Itinerary, or Diſtance of Places of An. 
toninus, toi ſee. plainly, thoſe Miles are exceeded 
by theſe of this time: Which the Intervals of Stones 
which are extant at this tine in the Ancient Ways, 
frgnifying Miles with their Numbers, toill ſbeto the 
/ „ and which will appear the ſame from ours, as 
ollows. 2 

For if we take only 2 Miles in one of our Leagues, 
the Diurnul Spaces 4/ patched by a Man will ariſe 

#p above all Humane Strength, but that of the Stones 
is of it ſelf firm and extant, with others at this time; 
aſſo in Luſitania in the Kings Highway, where all the 
Miles are diſtinguiſhed by euch having its inſcribed 
Column, which are the D1menſions of the Spaces, ſure- 
ly they ſhew that. 4 of them come into one League, 
thereſore we follow this: Hitherto Lipfius. And 


* 


according to this Computation ot Lipſias is the fol- 


lowing Calculation. 
R Haus. ali ain Miles. Stadiums. Pace s. Feet. 
A Spaniſh League 1. 4. 32. 4000. 20000, 


A German Mile. 2. 93. 64. 8000. 40000. 
NE 2 5 A Table 


e „ wy wy By 


f 
q 
; 
[ 


—e, "SS WO we way W 
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A Table of Equation for Engliſh Lon 


Me. ure. 


* 


I.. Frl. Perch. Tai. Fei, cher, Grains, 


r League is-- 3==24=960=$9714=1791424 
1 Mile ii 1. 8-320 — 1760 5280 ==63 360=190080 
1 Furlong i 1. 40= 220 == 660 —=7920—= 23760 
1 Perch, Rod or Pole iv 1: t 164 — 198— $94 
1Arevof «» Perch. 160— 880 — _—_ * == 792— 2376 

240 — ==7920==2376560 
in Breadth-- ” mg 22 == 66 — 792 2376 


2 

of an Acre 8. in th þ $& —= 164 

1 Fathom igo—m— Ä——X———ß—5.—— 6 == 72 == 216 

1 EU is — 1428 133 

174d i - = 365 — 108 

I Foot I—— A | — cy == I2 = 3s 

I Inch is —— — ane nn nn I 2 8 

CE EC EG 

6M A420 


Addition ky Subtraction divers Species 
2 _ of” pe 


ite Suagit aller or benin * PRES $ * 
or Parts of any Meaſure; fince it er 


ing peculiar, we muſt likewiſe admoniſh the ſtu- 

AE — concerning it. 

1. In Additiam and Subtracfipn, like Species or 
Ranks muſt be placed under their "like. 

2. Conſider well, how often the Antecedent 
cies or Rank contains in it ſelf the Conſequent ; to 
wit, whether or no tis Double of it, or Treble, Or 
Quadruple, Ec. , 

3. If any intermediate "Ie or Rank be want- 
ing, iis place muſt be flled with a Cypher or 0: 
Theſe being obſerved. 5 2 Fa 


* 


= ſo _ you muſt add Unity 
Antecedent ber; and under the Sper 
ank in whole. wo the e 
only Pave ht which dlng ot Auteceden 
* I I Sidrraffion. 8 
When 5 — 
2222 es or 1 


firſt into the x wad which you l& add fo ian 
thoſe nwo Numbers joined, the St IK 


. 
75 2 Exmple of Addition: - - 
2 z Lal. I D 


Tobradded J 3 Em 9 


The Sum is 14 02 25 : 1 


„ „ e 


cn A P. 
r 


in Ten Feet, and Sixteen Fees. 


\OR this Multi tiplication and Divifion of divers 


ies have the lace in the Numerati- 
on of Geometrical he ch place in the to wit, in 


Magnitude-and Intervals. 


7 L It 


= . a6. A. * 


„ 
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I In Multipheation of Ton 
n n Lunden theig | 
in this pla are Porchas divided into 10 


ies, 

o Ming, d and Mul- 
tiplier. 
erg the laſt Rand of Numbers hced before 
the Diſtin&tion on che left hand, f Perches or 
Poles, au the Antegedent firſt Figure Figure deſigns the 
firſt er Rank aſter "ep 

ſhows the Second, the Thisd the vext, and & on. 


4 Tea vee, | Feet. _ 
42 —— 3 


11 
Produc 35540 0 3 
= 1 44375 Ln 


The Sumn—-2645\1-5 9 2 8 - 

Then becauſe in the Multi and M ; ( beſides the 
Ten feet or Integers which are not numbred) Are four di- 
vers Species or Ranks :- Therefore the four baader. to wit, 


1. 3. o. o. being ſeparated, the Sum produced is 
Ten Feet, Fons. Digits. 8 Ae 


4649. 1. 3. 


IL In 


128 _ Praficel drithmetieh. 7 oy Ne Te 


II. In Diviſion of Tex Reer. 
* 1. You muſt take care, that not only the orhitted 
Species be ſu 22 alſo that in "the . 


and the Divi laft Species to the right Hand 
are alike, which if he n do got ſupply, muſt 


decke! C 
Ten Dre according to. the comet thy: 


ng. 16 in thi Qpochtk your will always find 
Speer ob ed ay 
But if there be a Remainer, add à Cyplief to 


jt and divide again by the fame Diviſ the 
Quotient will be 2 225 # 
es; to the; Remainer of fic 
"ypher, or ©, nd Ade Gy on will 
22 next to the AE and fo) yu mY A 
$ faras you ple. 


pick, Diews Pers. Beth, 
- Let un ue 52 By 


Then firſt; becauſe in the Ptvidend, this hn 
diate Species of Feer, and inthe Diviſor the 2 
cies of Digits is left any þ ror micro them, 
that like Species may fta 


I this Sin) Bay 


> 4& A - ff 


The Divifion being dork Aber ide common Sd 
there will be In rhe Quien, Perches — 14. 
With the Remainer ——— 2 
To cheie it 1 add a, I AD $420 | 
And Divide further by————64c.. . 
1 find } in the Qn. _— Feet — 


With 
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With the Rem.— N 


To which if I | (44 * 9 
222 2% Pe.| ((6(o Fe.| (48 o.. 
is divk =? 40192 &F 70 A gd (3 dl 


f 


f e ON like manner, if 
we would cut it into the ſmalleſt 


Alth Ten Feet continually divided into Ten 
Parts, in ſome places is not in uſe, but either Te / ve 
Feet, or Sixteen Feet, as in Ge : Yet notwith- 
ſtanding theſe may be aſſumed to be changed into 


Ten Feet and Tenth Parts, becauſe of this eaſie way 


of Computation, preſerving the remaining length of 


the Perch, and the Multiplication and D and Diviſion be- 


ing ended, you may reſolve them again into the u- 
ſual Parts. 


But if any one will retain his own Perch, with 


its Diviſions, and will inſtitute the Multiplication 


and Diviſion of them, although it be more Labori- 
— we will alſo ſhew him the way of working by 


III. 4 A. the Sixteen Feet Pole of the Germans 
—. 

Which, to wit, is Divided into 16 Feer, but the 

Foot ſubdivided i into 12 Inches, ( for which notwith- 


ſtanding, for eaſe in working, we will aſlume 16 
Digits to be equal to the 12 Inches) 


* In Multiplication proceed thus. 3 3 
or 5s or Rank the the number w t 


moſt 80 the Multiplicand, and put it 
la the | 


2. Place ike 8 Species under their like, and to this 
end ſubſtitute Cyphers in the middle and end, in the 
abſent places. 


9 K 2. Write 
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3. Write the Product of 1 1 
and exactly, whether it con one or more Fi- 

4. Add the Numbers of every into one Sum. 
= mm ies to the An- 
tecedents, if they are once, er oftner in 
them, by taking or aſſuming for each 16 of che Lat. 
. Species, to be added to the 


Example. | 
Perches. Feet. Digits. 
t 6 


3 


| gy + ad 3-6 - 
Numbers of the Prod. 9: 12 : 18 


Fn 


_—_—_—_ — 1 


Sum of them 6 : 17 : 39 : 38 I 30 
Reduced is, 7: 3: 9 7 5: 14 


6. And that you may know the Species ariſing, 
note the following Rules. 


Of the Species coming forth or ariſing. 


RULE I. 
Digits drawn into Digits, produce Square Digits, 
16 of which conſtitute one of the Antecedent Spe- 
cies, to wit, of a For long, but of the Breadth of 
one Digit only, which Geometers and Land Meaſu- 
rers call a Contratted Foot. | 


FEET: 
Digits multiplied into Feet, make ſuch Feet one 
Digit Broad, 16 of which make a Square Foot, to 
be transfer d to the Antecedent Species. S758 


e 
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| RULE m. 


Digits drmm into Perchee make Peyches ode Di- 
git in Breadth, and 26 of theſe Perches conſtitute 


one Perch having a Foot in Breadth, ion Free 
9 


of this kind a Foot * called by 
Contratted Fercher. 


RULE IV 


Fret drawn into Fret, make Square Fret, one of 
which is of the ſame quantity with a Perch a Di- 
git broad, and therefore ma 4.4 A 
« 500 ler is accoumel for : For as a 
n ms 74 ſo alſo a 
res one 2 each one of the 16 Feet 
Nen 256 e Digits : There 

often as you have 16 or 16 Perches a 
8571 


fo many Unitiesrult be added to the 
2 — pecies. 


RULE V. 


ultiplied into Perches make Perches one 
16 of which conſtitute a Square Perch, 


by the „ to the 


feſt Species 
RULE VI. 
But Perches drawn into Perches make Per- 
ches, which is the firſt or chief Megſure of Fields, 


Theſe Rules being 


K 2 Square 
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Square Feet or Perches 1 Foot broad—9. 


Feet 4 Digit broad — 7. 
And Square Digits ———14. 
Others ſay thus. © 


1. Perches by whatſoever' Species of a Fraftion 
they are Multiplied, they reſtore that ſame Species 
of the Fraction. 

b. 


2. Feet drawn into Feet make Digits 
Fret make Grains, and Digits into Digits make 


Scruples. | 
So then in our Example of Multi plication in the 


laſt Product, there is; 
. 4 _ Di Gra. Scrup. 


* The Thing i is the e o the Appellations dit- 


By Perches truly are underſtood Square Perches ; 
but by Feet, Perches a Foot broad: By Grains, Feet 


a Digit broad: Laſtly, by Scruples a are underſtood 
Square Digits. 


hoe, the Species coming forth, * =y eafily 


Compleaing the void $ the 
plea e vo ces or ying 
Species arm , ſeparate on the Prod 
Species or Ranks as are-found in the Malcioticnt 
and Multiplicator, beſides the Integers : Then the 
Firlt number before the Note of ſeparation ſhews 
Perches, the Second Feet, the Third Digits, the 
Fourth Grains, the Fifth Scruples. | 
Example. 
Let us Multiply 10 Feet, and 6 Digits, by 8 Digits. 
> Perch, Feet. Dig. 
The numbers then will ſtand thus—o : 10 : 6. + 
0: O: & 
Multi- 


3 into 


pech ICh VIII 2 Arichmerick. I 33 
Perch. Feet. Digits. | 


Multiplicand—o : 1 : 6. 


Multipli 


O 
= 


: 80 7 48. 
W 0. 
8 2 8 9 


eparating 4 Figures, for the 4 l . 
of Ye Multiplicand and Multiplier. 


Per. Fe. Dig. Gr. Scru. 
The Species produced will be—o : O: 5 t 3 : ©: 


IV. And laftly, In Diviſion of Sixteen Feet. 


1. Omitting other ways more difficult, reduce the 
7 ah, . 2 the leaſt Species, by continual 


3 
. divide them by we com- 


| 3 way of Operation, and the Quotient will give 


Perches. | 

3. Multiply again the Remainer by 16, and divide 
by the former Diviſor, and you will have Fer in 
the Quotient : So alſo work with the Remainer of 
this Divikon as often as you pleaſe, and you will 
find in the Quotient, Digits, Grains, &c. 


Example. 
Per. Fe. Dig 
Letithe Dividend be — t 
The Diviſor — WH SW © 


The Dividend in Digits will be—2115. 


And the Diviſor — 1368. 
The Quotient is ———— Perch. 
The Remainer— — 747. 


Drawn into 16, produces 11952. 
Which Number divided W_—— 368. 
Makes in the Quotient ——-——— 8 Feet. 
The Remainer 1008. 


Wich which you may work in the ſame manner. 


K 3 OF 


or on 
GEOMETRY. 
The PREFACE. 


IL SYEOMETRY # @ Science which confiders 


tbe Principles, Kinds, Affections, and Habi- 
tudes of 1 teaches to meaſure them 
The word , attributed to this Science, is 


called a ridiculous name by Plato in bis Epinomide : 
For is properly the meaſuring of the 
— L But this Science — only the 5 
Magnitude in general; t are more tra 
it ſhould be called by a more general word Mathelo- 
gia : But becauſe t — is comnon- 
ly received, tie therefore retained, and its fagnifica- 
ion is Amplified by Synecdoche. 


II. Therefore the Subject or Matter about which 
Geometry zs converſant, is Magnitude. . 

( It confiders this Abſtractively, ſo that it ſepa- 
rates it from all certain and definite matter. ) 


III. Ad we conſtitute the Parts of it, Six. 


1. Elementary, which ſhews the Definitions, Axioms, 
and Petitions, concerning Geometrical things. 

I treats of Circles. 

. Of Triangles. 

. Of Right Lines. 

. Of Superficial Planes. 

. It propoſes divers Theorems and Problems con- 
cernng Solid Bodies. 


oe wad 5» 22 


OF 


Chap. I. 


We x35 
OF | 
Principles of Gzom xray. 


BR oo + 
Definitions, Axioms, and Petitions. 
CHAP, I. 
Of Magnitude, and its beginning, 4 Point. 


"Minn is Quantity continued, the com- 
mon parts of which are Joined by a Ferm, 


" 8 is the Extream of Magnitude. 

3. A Common Tern, is the Extream of One, toge- 
ther with the ing of another. 

And the fuſt and laſt Extream of all 
Magnitude is 2 Point. 
4- A Faint, is that which hath no part, and there- 
fore is alſo ſomething Individible. 


——_— © 


1. 


CHAP. IL 


Common Aﬀettions and Denomine- 
Magnitude. 


moſt f all from which 
11 common AﬀeRtions o — 


I, — Commenſrale, nd the contra. 

2. tion, Wh no de 1 Proportion. a 

3. Proportianality. Propertionals. 

; x * Touching — —— 
one 

4 * Cutting through, 


Agreeing. 
K 4 


Ta 


1. Magn» 
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1. Magnitudes are Commenſurable, which are mea- 
ſured by the ſame Meaſure : As a line of 20, and a 
line of 13 Paims, are rn a line 
r and + part of a Palm, meaſures 
Incommenſurables are the contrary, which admit 
of no common Meaſure, as the Diameter of a Square, 
and the Side of the ſame, and many others. 

2. Proportion or Habitude, are thoſe things which 
are ſaid to have a mutual Habitude between them- 
ſelves, according to Quantity; as two Magnitudes 
of the ſame kind, either of which being multiplied, 
ſo increaſes, that at length it exceeds the other. 

Therefore a Finite line and an Infinite, have no P jon to 
each other; for the Finite being Multiplied never ſo often, will 
not exceed the Infinite : However the Diameter of a Square, and 
its Side have Proportion between themfelves, Compre- 
henſible by no number: Likewiſe the Diameter and the Circumfe- 
rence of a Circle, although as yet not certainly known; becauſe 
he fide of a Square twice taken exceeds the Diameter : And the 

er of a Circle four times taken exceeds the Circumference. 

3. Analogy or Ts, are thoſe which are 
faid either to have the ſame Proportion, any two of 
which anſwering mutually, are equally Multiplex 
of the other ta, being equally multiplied ; or are 
equal, or in the ſame manner, either exceed them, 
or are deficient from them. | | 


As if there be four lines in Foot Meaſure, 4 
theſe are called Proportionals, becauſe 4 hath 


12. B 4. C 9. Dz. 


the Antecedents, and the Conſequents 
to the Conſequents. | 3 
As if there he four Proportional lines in Foot, or any other, 
Meaſyre, Ag, 86, C12, D8 ; theſe are called Hamalages, bee 
cauſe between the Antecedent Terms, 4 9 and C 12, and between 
*he Conſequent Terms B; 6, and D d, the Hroportion is alike, 0 
wit, Se ertia, or once, and 4 fr 
WWW 1 a * K.. 


a - RR 
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. Rational or Effable L wang 
Irrational or Ineffable, are the ; 

6. Magnitudes touching one another mutually, are 
thoſe of which, very little of one touches very little 
of the other. ; 

7. Secants or Magnitudes cutting through each 
other, are thoſe of which very little of one cuts ve- 
y little of the other. wy 

8. Congruous or Agreeing, are thoſe whoſe Terms 
or Parts anſwer one another every where. 


. 
5 


CHAP. 1IL 
Of all the Kjnas of Magnituae, and firſt of a Line. 


A Magnitude is either a Line, or a Lineament 
or Diagram. | 5 

1. A Line, is Length without Bread th, being be- 
gat from the continual Succeſſion of Points, and 
Terminated by the ſame. 

A Line abſolutely conſidered is, 
Right, Crooked, Mixt. 

2. A Right Line, is that which lies equally be- 
tween irs Points. 

This is repreſented by a fine Thread drawn ſtreight, 
_— t to draw it withal on a Plane, is 
a Ruler. 


3. A Crooked or Carve Line, is that which is e- 
qually diſtant on every fide from the middle Point, 
or Center of the comprehending Space, as, ©. 

Allo tis called, a Spharical, a Circular, or a Round 
Line, that is, a Circumference; and likewiſe but 
Abubively, a Circle: for a Circle is a Plane Figure; 
and we conſider here, not Figures, but Lines ooly, 

— 
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and indeed Crooked which are drawn by the In- 

ſtrument called 
4. A Mixt Line, is that which is of 
Curvity, 


both, or that ah 3 8 
nor perfect Refi 

Such are Ovaler Lines, E, Spiral Lines, 
and innumerable others. 


A Lin e, confidered with reſpett to another, is Per- 


. or Parallel. 


5. 4 Perpendicular Line, is 2 Right Line, fal- 
ng or curing dire on another Line, fo that it 
neither bo or inline in any part more than 
another to the ſubjefted Line, | 

The Inftruments to delineate thid by; is called ei 
ther a Square, or a Plumb-Ryle. 

6. Paralel Lines, are thoſe which ually 4 
ſtant to one another, anf will nee int cock 


ther, * infinitely produced, as, == 


— — * 


C H A P. IV. 
Of Lineaments or Diagrams, and firſt of Angles. 


1 4 or Diagran, is a Magnitude more 
n 
Thane av tre Kinds of it, An Angle, and « Figure. 
2. An Angle, is of two or more Lines t 
each other mutually, * a mutual 2 and 
not lying directly in a Line. 
Iz this, three things are conſidered. 
I. The Angle it ſelf. 2. Its Legs. 3. Its Quantit). 
3. The Angle, is the common meeting of the Lines. 
4- The Legs, are Lines containing the Angle. 
Geometricians, expreſs an Angle by three Letters, the Middlemoft 


being the Cbaracferiſt, and ſhews or denotes the Angle propoſed ; 


as if in Fig. 7. I ſhould ſay 4, B, c, is to be conſidered ; the Let- 
rer 3 ia the Kae the dnl and 4, , and By the Lex ofthe 


ſame 


| Chap, 1V. Of Linramentrar Diogrems. 139 
. The Qyamiity 4 wh is the greater or 
or rage 


ided imo 3 1 
is divided into 60 Firſt ples, and eve- 


2 Hl or Prime Scruple into 60 and fo — 
: Therefore when we ſeek the Quantity of an 


Angle, tis ſaid to be ſo many Degrees, or f 

Des and Scruples. 3 
| n 
ſadal ar Solid. 


6. A Solid Angle, NI. 
two lines, touching each other mu at one 
not ee 


And "tis either Plane or Sphærical. 
8. A Superficial Plane Angle, is that which is 
deſcribed on a Plane Superficies. 
9. A Spherical Angle, is that which is deſcribed 
on a Spherical Superficies, as Fig. 9. 7 
A Plane Angle is either Homogene or Heterogene. y 
10. An Homogene, is that which conſiſts of Legs, 
and the concourſe or meeting of the Legs, is of the 
lame kind. | 
And tis either Right Lined, or Curve Lined. 
11. A Right Lined, hath Right Lines. 
12. A Curoe Lined Angle, — Crooked or Cir- 
' cular Lines, yet deſcribed on à Plane. 
, 13. An Heterogene Angle, is a mixt Angle, com- 
ed by right and crooked lines; of this kind 
* I 35 the Angle of a Segment, comprehended under a 
' I Right Line, and part of the Circle, as Eig. 10. & 11. / ©» | 
In reſpef# of Quantity, an Angle is eit ber Right or O3lique. 4 
: 14. 


r 


2. N "is. An Obl 
* not 


4 
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14. A Right Angle, is that whoſe two Legs are 
Perpend 
dicular to one another. | 
This always contains a Quadrant, or 4 part of the Periphery, to 


Angle, is, that whoſe Legs are 

but incline from a Perpendi 

lar to either part, as in Fig. 12 & 13. | 
And tis either Acute or Obtuſe. 

16. An Acute Angle, is leſs than a Right, or a 
Quadrant of a Circle, but an Obtuſe is greater. 

In reſpect of Situation, Angles obtain divers Appellations. 

17. Moreover Angles poſited —_— or in Or- 
der, are Angles adjoining, which Right Lines con- 
ſtitute, howſoever the Right Lines infiſt, as in Fig, 
14. The Anglesacb, bed, feb, geb. 

18. Angles at the Vertex oppoſite by the Croſs, are 
thoſe which are oppoſite at the Point, in which two 
Right Lines cut each other., as in Eig. 14. the An- 
gles ac b, and dee Alſo ace, and b cd: Like- 
wile Fe h, and ceg : Laſtly, fe c, and beg. 

19. Angles alternate, are thoſe which a Right 
Line makes alternately, by chan ing the Poſitions, in 
cutting two other Lines: As the Nag es ace, and ceg, 
likewiſe dc e, and fe c. See Fig. 14. | 

20. Angles e on the ſame part, are thoſe 
which a Right Line makes, by cutting through two 
other, one Angle being Interne, the other Externe; 
As the Angles ac b, and ace: Andbcd, andecd. 

21. Angles not oppoſite ont be ſame part, are the two Intern Angles, 
made by a Right Line falling ca two Right Lines on the ſame part: 
As the Angles ace, and fec: Alſo de e and gec. 


6 H A P. V. 
Of Figures, and their Parts and Denominations, taken 
from the moſt common Aﬀettions or Diſpaſitiont. 


I. 1275 is a Diagram or Lineament, Terminated on eve- 
39 FL 5 


For 


iculars between themſelves, or are perpen- 


— 


[ 
\ 
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For not every itude which conſiſts in Terms 
is a Fi but only which is every where in- 
cloſed erms; of which Terms, by how many 


the more r 
Parts of Figures are: 

7. Diagonal. 
by Axis. 


9. Poles. 
Io. Vertex- 


f 11. 
| 12. 2 


I. Sides, are the Extreams of Figures next the 
Terminants, * _” 8 Arc des 
2. Area, is . 18 the Sides. 
3. C 8 is the middle oint in a Figure. 
2 Fm. Perineter, is the Ambit and Comprehenſion of 


5. „ a Right Line drawn thro' the Cen- 

— and Terminated on both tides at the Perimeter. 
6. Semidiameter, or Radius, is a Right Line drawn 

from the Center to the Perimeter. 

7. Diagonal, is a Right Line drawn thro? the Cen- 
ter, and Terminated at the two oppo fite Angles. 

8. Axis, is a Right Line drawn thro the 
abour which, the Figure is underſtood to be turned 
| 9. Poles, are the two extream Points of the Axis. 
10. Vertex, is a Point on the top of the Figure, 
8 from which 2 Ri t Line may be drawn Perpendi- 
aular on the ſubj Baſe. either True or Protracted. 
11. Baſe is 2 Side, an which the Figure is under- 
ſtood to Fo or lye on. 

12. Altitude, is a : Perpendicular drawn from the 
Vertex, either to the True or Protracted Baſe. 


: 13 The moſt common Aſfections of Figures, denominating the ſame, 


Order or Regularity, | Whence | Ordinate or Regular. 
2. Primacy, | Figures Primer. 
3. Equal Altitude, are called 1 Of Equal Height. 


4+ Lite- 


Ordinate Figures, are thoſe, all whoſs Terms 
tis Fines in Saperictes” and Superſicies bande 
are equal between themſelves, as po. are 
Underſtand this of the Ordination and | 
which conſiſts in the 
of of A: Of which Regular 
ER ET OBNS Ter in Te 
— the Equi/ateral is Ordinate or Regular: 
In Four fided Figares, only the Bzadrate : In Many 
Angled Hgures, "hoſe which are Inſcribed, or Cir- 
cumſeribed abour a Circle, with Sidler: All the 
reft in this acception of 5 ion, — 
ordinate : In more Sighification, al! Figure 
are ſaid to be Ordinate, which have Ordinate 2 
firion, and may be red wee or RG to certain 
kinks 28 Trials , Rhombus's. 
15. The Firſt or n Cary ny divided into 
others more ſimple. Of this kind of Figure in 
there are only two; the Triangle in Superficies, and 
he 2 in Bore * Ahe th oy * di- 
into more I es, or more et 
een 
e Qua into two more imp 
than the former ir ſelf. 
16. Of Equal Height, are thoſe which conſiſt in 
the fame Parallels. 


17. Like Figures, are Equiangled and Proportio- 
nal, from the Legs of the Angles. 

18. Like Scituate Figures, ate thoſe whoſe Pro- 
portional 2 being alike 1 anſwer co 


One 
19. Agree- 


* 3 
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19. Agreeable Figures, are thoſe which fl up d 
lace without any opening. Alſo we have before 
1 of Agreeableneſs, but there it is to be under- 
, as the Parts of one being applied, or laid 
upon the of the other, they anfwer every way; 
which congruons muſt of necelſity te 
equal ; But in this place, we underſtand that 
many M altho of di- 
fitted, that there be left no 


angle, and the Eguilateral Triangle + The Oftangle, 
and the Quadrate : The Circle, and the Spherical Tri- 
angle, the Agreement of which we ſee in Windows. 
20. 3 Egrrer, are thoſe whoſe Am- 
bits or Co are Equal: As the Triangle, the 
Nuadrangle, the Circle; the Ambit of each of them 
being three Feet. 
21. Adſcribed Figures, are, when the Terms of one 
Terminate the Terms of the other: Of theſe the In- 


terior are {aid to be Inſcribed, and the Exterior to be 
Circumſcribed. 


22. Homogene Figures, are of the ſame kind, as to 
the number of Sides: Heterogene the contrary. 


— 


Ee" 3 
— 
— — 


CHAP. VI. 
Of the Ninds of Figures. 


OO © n i ego © 


Bodies. 

| 1. A Superficies, is a Figure having Length and 
” 8 Fig. 15. (canals fangs of this, 
„dhe Shadows of our Bodies ſhew. ) 

In reſpect of Scite or Scituation, a Superficie is either Convex 


A Concave. 


2. A Convex Superficie, is that which ——_—— 
4 


e- 


T of Figures are ne Superficies and 


75 


F 4 
1 


(0. 


[7 


2 
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ſes Body without: Concave, whereby ow 
Bodies are Terminated on the infide. See Hg. 16. 
In reſpe# of Form, . 
3. A Plane Super ſicie, is that which lyes 
between its Lines and is uſually faid bn 


Gibbous, is that which lies unequally between its 


Terms or Lines, and is rough or uneven. -— _ 
A Plane Superficie is either Curve-lined or Right-lined, or Mixt. 
4. Curve-lined, is that which is contained by 
Crooked Lines, Right-lined by Right Lines, and Mixt 
by Mzxt Lines. | *" 


CHAP. VIL 
Of 4 Cirele. 
a A 1 Supetficie Curve-lined, is called a Cir- 
cle. 


1. A Circle, is a Plane Figure contained by one 
line drawn. about ( which is called Periphery or Cir- 
cumference) to which all Right Lines drawn from 
the middle Point are equal, as in Eg. 17. 

In a Circle, beſides the aforeſaid, common to all 
Figures, the following are confidered. 

I. An Arch. 2. A Quadrant. 3. ASemicircle. 
4. A Chord. 5. A Segment. 6. A Secłor. 

2. An Arch, is any Portion of the Circumference, 
as in Fig. 18. ö h, or ci, to which, that which is 
wanting to 90, or to 180 is called the Com-. 
plement, and what is above 90 Degrees, is called 
the Exceſs. | NT 

3. A Quadrant, is a Plane Figure, comprehend- 
ed by rwo Semdiameters conſtituting a Right Angle, 
and a fourth part of the Circumference ot the Cir- 


cle. 
Such 


3 A AX£Al as 


= il _ by = =. - wu 


S Un. C1RCL ESA. 


Sach is' 6 « fourth part of the Circle, comprehended the 
Scmidiameten b6; and and g «, conſtituting a 2 | 
4 A Semicarcle, is a Plane Figure, 
tained under the 


which is con- 
—_—_ of the 


— as bg c, the Cir- 
- aber competed unter he Biamerer e 
as in if. 18. 


in the Circle without the Center, as the Line 
"of 


6. A Segment, is a Figure 1 
Chord, and pare of the Periphery and *tis the 
in which the Center of the Cir 
fund, and. the lefler, which is without 28 


"Winder hn Cad e is the leſſer Segment, the Portion fg e: 
But the 4 is the Portion of the Circle Senſe 


Right 
_ 7 and from 


1 


— 


HERS VIII. 
Of Superficial luer, being Right Lined. 


— = Firft of Triangles. 

$3 Right Lined Planes, there are two 
oy by Tad and the Triangulate. 

1.. A Right Line Triangle baving three Corners, 

$ a Superficies comprehended by three Lines, as 

. 19. 

1. Th les * Par of ir eſe or Sul aſe 
Ee 4. ENUjE or HiUleNſEs 
2 4 5. The Perpendicular. 


. Th BY 5. The Area. 
L „ #8 


5. A Chord, or Subtenſe, is a Right Line drawn 


; "> _ / Fig. 20. that 
--- Baſe, 


* 


1 8 


4. The Baſe be Side on which an Angle i 
derſiood to ; So 4 c, is the Baſe of the Angle þ, 
26d 6d the Dub of the danke c- 

to an Angle 


5. A Subtenſe, is any fide 
and ſubtending it; as 46 is the c of the A. 


ndicular, is a Right 1 Line falling on 
Line, and conſtituting a Right Angle 


— the Trianges wie + Fig 
t , 
. 


Therefore in any Triangle, if you make one 
ſide the Baſe, the Aiher 0D 18s : Yet in the 
Right angled eſpecially, the fide te tothe Right 
Angle, is called the Hy potennſe, and of the Remain- 
ers, one is called the By „ and the other being Fer 
pendicular to it, is — the Perpendicular. 

7. The Area of a Triangle, is the —_— uy 
comprehended.by three Lines. 


The Parts of Triangles inſcribed i in 4 Circle are. 
I. Tho whole Sine, Radix, or Semidiameter a 


in Fig. 1 

2. The Firſt Right Sine, e i. Fg. 18. 

3. The Second Right Sine, or the Right Sine 0 
the Complement, & e. 

4. The Verſed Sine, or Arrow, Ic. 

5. The Tangent, c Þ. 

, 8. The Secant, a h. 

4 The whole Sine or Radius, is the Semidiams 
ter it ſelf of the Cucle, as 4c. 1 

8. 


gle c. 


6. AP 
another Ri 
with it: 

As the 
the prick'd Boo 


in Fig. 19. And 
28 


* a N 


| 247 
8. A Sine, in general, is half the Right Line ſub- 
tending the double uch of the Circle, as & e, is half 
the Right Line f & e, ſubtending the double of the 
Arch g e, to wit, ge. 

9. A Firſt Right Sine, is half the Subtenſe of 
double the Arch in the Firſt given; as if there be | 
given in the firſt place the Arch e c the double of 
it is the Arch ec z, and its Subtenſe eli, half of 
which Subtenſe e , is the Firſt Right Sine: Where 
Note, that the Sine of the Arch given in the firſt 
place e c, and of its complement to a Semicircle 
eg F b, is the ſame, to wit, e J. 9 | 

10. A Second Right Sine, or the Sine of the Com- | 
plement, is half the Subtenſe of the Double of the | 
— of the Remainer of the Firſt given to a Qua 

t. | 

Such is & e, half of the Subtenſe f & e, ſubtending 
the double f g e, of the Arch g e, which is the Re- 
mainer to the Firſt given e c, or the Complement 
to a Quadrant g ac. „ 

tr. A Verſed Sine, is the Segment of the Dia- 
meter intercepted between the Right Sine and the 
Circumference. OE 2 

So 1 c is the Verſed Sine, being a Segment of the 
Diameter b c, intercepting the Arch e c, as being be- 
„ ween the right Sine e /, and the Arch ec. 

; R And a Verſed Sine, is one Greater, the other Leſ- 
er. | : 

12. A Verſed Sine Leſſer, is the Sine of an Arch 
leſs than a Quadrant, as / c, of the Arch e c. 

The Greater Verſed Sine, is of an Arch greater 
than a Quadrant, as b/, is the Verſed Sine of the 
Arch b g e. 

13. 4 Tangent, is a Right Line without the Am- 
kir or Periphery of the Circle, Perpendicular to the 
Extream of the Diameter, and Terminated at the 
other end by the —_ ; as the Right Line ch. 


2 14. A 
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14. A Secant, is a Right Line drawn from-the 

Center through the Term of the Arch, even to the 

Tangent, as the Right Line @e h. 
A Right Lined Triangle, in reſpet the Sides ir 
Equilateral, Equi uicrural, and pod of the 
15. Eguilateral, is, which hath three equal Sides, 
2} 2s the Triangle def, in Fig. 21. 

16. Equicrural, is, which hath two equal Sides 
— but the third unequal, as g h i, in Fig. 22. 

17. Various, which hath three unequal Sides, as 


27 abc, in Hg. 23. 


In reſpect of Angles, they are either ReQtangled, 
or Obliqueangled. | 
18. Refangled, is, which hath only one Rectan- 
2 9 gle, as the Triangle a c b, in Fe. 19. 
109 Oliqueangled, is, which hath no Right Angle, 
and this is two fold, 
20. Acuteangled, which hath three Acute Angles, 
22. as the Triangle def in Fig. 24. 
21. Obtuſeang/ed, which: hath one Obtuſe Angle, 
as the Triangle k m 1, in Fig. 20. 


CHAP. IX 
Of Triangulate Planes. 


. Triangalate Plane, is a Right Lined Plane, 
which may be reſolved imo many Tri 


angles. 
And tis either Quadrangnl/ar, or Mult angular. 
2. A Quadrangular, is that which is comprehen- 


ded by four Right Lines. 


And 'tis either a Parall-lo;ram, or a Trapezium. 
2..4 Porailelogram, is Quadiangular, having the 
cppofire Sides Parallel. 
A Tra- 


1 


1C 


6. The Diagonal, is the Diameter of the Paral- 
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Fig. 25. | 
{ SEE - j- | 


Chap. IX. | 


A Trapezium, is the contrary, as abc 
A Parallelogram, is Rectang ed or Ob 


* Relangled, is that which hath all the Angles 
e ren all oblique. 
WG d, is either a Square or an Oblong. 
fe ; 2 22 is a Rectangled Figure of equal 
ides, Fig. 2 
An Oblong, is a Rectangled Figure of 
Sides, and longer on one part. Fig. 15. * 1 


The Parts of a Parallelagram, are, 
1. The Diagonal. 3. The Complements. 
2. Two Diagonals. 4. The Gnomons. 


* 9 
— 
\ 


lclogram, touching the two Angles, as 4 c, Fig. 28. - 
7. Diagonally, is a hs Parallelogram, of a 20 
common Angle, an onal with the whole Pa- 
nllelogram : as Parallelograms fg i c, and 
«bge, in the * — Square. 

8. The Complement, is a particular Parallel 

_ ended by the Conterminate Sides of — 
14 as are the Parallelograms, dbgf, an 


A Gnomon, is the Diagonal of either, with two 
Complements asif of 5: c, be underſtood to be cut 
of, the Remainer of the whole Parallelogram is the 
Gnomon; or 1 be cut off, the Gzomon alſo 
will be the Remainer. 


An Obliquangled Parallelogram, is either a 
— ak or Rhomboides. 


10. A Rhombus, is an Obliquangled Figure of 


equal Sides: as abcd, in Eig. 29. 29 
4 Rhombide, is of unequal Side as c 4 b d / 
n Fg. 30 : 


II. Multangled, is, which is comprehended 
nc > than Four Lines. by 


L 2 And 
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Anis either Regular or * 
Angles, and 


12. Regular, is Multangled, of equal 
Theſe are Denominated by the Number, 


equal Sides: Irregular is the contrary. 


Pentagon, Five Angles. 
Hexagm, Six Angles. 


CEA © 
Of Gibbous Super ficies. 


1. A Gabbous Super ſicies, is, that which lyes un- 
equally between its Terms. 
, And tis either Spharical or Various. 
2. A Gibbous Spherical ape is that which 
is equidiſtant from the middle of the containing 


CE. : 
In this are delineated Spharical Triangles. 

3. For a Spherical Triangle, is that which is de- 
{ſcribed on a Sphærical Superficies, as a Plane Tri- 
angle on a Plane : as Fig. 9. 

4. Its parts are the ſame as of a Plane Triangle, 
to wit: 


I. Angles. 4. Hypotenuſe or Subtenſe. 
2, Legs. 5. Perpendicular. 


J. The K inds, in reſpect of the Sides, are the 
{ane as of Planes, to wit, 
Equilateral, Equicrural, Various, 


6. In 


WW 


Chap. X. Of Gibbous 


6. In reſpect of Angles 
as in Planes; to wit: N 


Þ-which is either Kante Angled, or, 


es, 15r 
they are alſo the ſame 


= 


8; 


þ 
Obtuſe Angled. # 
] 
. Two Acute. | 
One Right, / Two Oben. YN 
Acute and Obtuſe. 
Two with the Third { gt Of 
Obtuſe. a 
0 pure from F Acute. | 
1 Ather L Obraſs 
Or 
4 i Two Acute, and 
Mixt, either J One Obtuſe, or 
of- Two Obtuſe, and 
L (one Acute. 


9. Various, which is either not equidiftant from 
the middle, as Ovaler, Lenticular ; or Mixt, of | 
Plane and Gibbous, as Conical and Oylindrical, Fig. 6. "2: 


35. 36. 3 3 E N 
Io. Conical, is that which is raiſed to a ſharp top 
equally, from a ſubjected Plane Circle. 


II. Cylindrical, is that which is equally raiſed 
upright to the top, from a ſubjected Circle, being 
equidiſtant, and equal on the Top, to the ſubjected 
Circle or Baſe. 


CE 


— 


CHAP. I. f 
Of Plane Bodies. 


I, Solid Body, is that which hath Length, Breadth 
A and Depth, or Thickneſs, and is Termina- 
ted by the next Superficies. 
Bodies are either Plane or Gibbons. 
L 4 | 2. Plane 


52 „ 1 Principhs of Geometry. Part 1, 
. Plane „are comprehended by Plane 
percie : Gibbous. by Gitbous or Crochet — 

ES. 


A Plane Body, is a Fyramiq or 388 | 
3. A Triangular Pyramid, is a Solid Plane, raiſed 
up to a Point at Top, from a Right Lined Triangu- 

K lar Baſe : as Fig. 8. | 

| There are infinite kinds of theſe, which from i 
their Baſes are called 7riangular, aac, A * 8 
4. — is a Solid Plane, contained by ed 
Pyramids. 
And tis a Priſme, or a mixt Polyhedron, or Po'ygon. . V 
5. A Priſme, is a Solid Plane, of which, two op- W 
poſite Sides are Equal, and Like, and Parallel; the 
other are Parallelograms. * 
And tis of Five Sides, or Pentaedrum ; or Six Sides, or Heza- de 
edrum; or many Sides, or Polyedrum. ter 
6. Of Eve Sides, or Pentaedrum, is that which 
wy H hath a Triangular Baſe, and is contained by five lat 
+} © Sides, Hg. 38. 
| 2 Hexaedrum, ( 14 — 8 called Paralleli- 
zpedon ) is that whi a Quadrangular Baſe 
ry is comprehended by fix Sides or Baſes. 

And an Hexaedrum is either Right Angled, or Obtuſe Angled. 

8. A Right Angled Hexaedrum, is that which hath 
all Right Angles. | 
9900 And tis either a Cube or an Oblong. 
1 Cube, is a Rectangled Parallelipipedon, con- 

F* rained under fix equal 9 Sides. Eig. 5. 
: 10. An Oblorg, is a- Parallelipipedon, contained 
by ſix Sides, two being equal, the reſt longer on the A 
40 other part. Fig. 41446. | wha 
II. An Oblique Angled Parallelipipedon, is that Mz: 
which hath all Oblique Angles. | ug 
| and tis either Rhombus, or Rhomboides, | 
12. Rhombus, is a Parallelipipeden obliquangled, 
; by Six Equilateral Sides, or Baſes, 
JA 41, | 


13, Rhom: 


Chaps Xl. of Pla ar, 


153 
13. — is an O ed TR . 
don, contained by fix Sides or es, two of which 


being N are re Equltea, the reſt are longer 


on one Fig. 22 


I Sa bs That which hath a Maul ec 
Baſe, edn by more than fix wk 
Of theſe there are an Innumerable Multitude, 
which are named from their Sides, Hepraedra, Octo- 
edra, Enneaedra, &c. 

15. A mixt Polyedron, is that which hath the 
Vertex in the Center, and the Baſe bearing out- 
And tis Ofaedron, Dedecaedron, Icoſacdron. 

15. Odaedron, is a mixt Polyedron, contained un- 
2 equal Triangles, Equiangled, and Equila- 

17. 9 under 28 Pentagont, Equi- 


18. Icoſaedron, is ended under twenty E- 
quiangular, and Equilateral * See 1 255 
0 48, 49, 50, 51.4 if, MI L640 


Fe Y 


kit — _ 


CHAP. XII, 
Of Gibbous or Crooked Bodies. 


A* Gibbous Body, is either a Sphære, or Various. 
1. A Sphere, or Globe, is a Solid Body, of 

which all the Extreams are touched by like Ra- 

«ws from the Middle: See the Diagram of it in 


Fg. 51. \ 


2. Various, is contained by a various Superficie. 


The Kinds of this are Innumerable, but the chief are the Cone 
3. 


lateral, and Equiangled. Fg. 4 of 7 


- 4˙ a 


* 
% — 


Part l. 

4 Cone, is a Solid, contained by a Cirel and 
Superficie, which is laced between the 

Vertex and the Circamference a Circle. 

And it is cither Right or Scalene. 

4. A Right Cone, is that which hath the Axis at 

"Right Angles to its Baſe, Fig. 35. 


And tis either Orthegon, or Ozygon, or Amblygon. | 
5. Orthogon, is when the Axis is equal to the 
Sender Co greater than the Semi- 
6 gon, whole is e 
am of the Baſe. 
7. Amblygon, whoſe Axis is leſſer than the Semi- 
diameter of the Baſe. 
| 8. A Scalene wr is that whoſe Axis is oblique 
/<*to the Baſe, Fig. 4 
A Right G lader, is that which hath its Axis 
« "infffiing at right Angles to the Baſe, Fig. 36. 
10. A Scalene Cylinder, is that whole Axis is ob- 
—lique to the Baſe, Fig. 45. 
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CHA P. XII. 
Of the Five Regular Bodies. 


Odies are either Regular or Irregular. 
1. Irregular, are thoſe which fall under no 
Rules. 
2. Regular Bodies, in general, are thoſe which are 
finiſhed by ſuch 83 of which the Rules are 


definite, and may be comprehended by certain Spe- 
cies or Ki 


Of wr. ſome are leſs Frincigal, but others more Principal, 
an 


3. The leſs Principal, are thoſe which conſiſt 6 
divers unlike Superficies, either Plane or Spherical, 
Pyramids, Priſmes, Cylinders, and Cones. 


4. T 


4. The Py incipal Regular, are fo called, becauſe 
— —1 Planes are Equal, Equilateral, and Equi- 
5. Of ſuch, there are found but 5 Planes in the 
whole nature of ; to wit: 1. The Terraedron. 
2. The Cube. 3. T Oftertron. 4- The Dodeca- 
' edron. And 5. The Icoſaedron. | 
6. The Tetraedron, is comprehended under four 
Triangles : The Cabe, under 6 Squares: The Ocla- 
edron under 8 Triang les : The Dodecaedron _ 
12 Pentagons : The * under twenty 
Triangles; all Equilateral 27 8. danger gow 
Þg. _y >; 48, »49, Dk 7.5 
the Sphere, is ws Stacle of all” theſe, 
in which each of them being inſcribed, every one of 


their Angles touch it; but . 
each of their Planes touch at . — 


n 
ü 


CHAP. XIV. 
Of Axioms and Petitions of Geometricians. 
I. Petitions. 


1.”T*15S required to be granted, that a Right Line 
T my drawn from any Point to any Point. 


21 That a Sereight Line may be infinitely conti- 
nu 


3. Alſo that a Circle may be deſcribed from any 
Center, and with any Imerval. 


4. Likewiſe to any 1 being given, we 
may aſſume another Magnitude, either greater or 
Er. 


5. That 


WW 


F 
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5. That any Magnitude may be ſo often Multi- 
= until it exceed any Magnitude of the ſame 


IL AXIOMS 


1 Things or Quantities which are equal, or 
unequal to the ſame, are vu or unequal 
between themſelves. 


2. If RRR 
from eq things, the Total alſo, and the Kana 
3 


ual things are added to, or taken from 
= e whole alſo, and the remainer are un- 


4- Thoſe Things or Quantities which are the half, 
Or ihe double of the ſame Quantity, and which 
agree mutually between themſelves, are equal be- 
tween themſelves. 


5. The Whole is greater than its Part, and is e- 
4 to all its Pans taken together. 


OF 
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GEOMETRY. 
PART IL | 
Of CYCLOMETRY. 


THEOREMS. 
L&C 
Prime, the moſt Simple, the moſt Perfect, 
and the moſt Admirable. 
Chief, becauſe tis not compounded of others, 
Prior to it, either Figures, or Parts of Figures ; as a 
— two 


Moſt Simple, becauſe *tis comprehended by one 
Line only, every way conform to it ſelf. 

Moft Perfed, becauſe it wants beginning and end, 
unleſs that humane weakneſs be attributed to it : 
and fince it gives the Place and Meaſure to all o- 
_ is not Circumſcribed and Meaſured, but of 
it ſelf, ; » 

Moſt Admirable, for other cauſes, as well 
l for becauſe the parts of the Diameter of the 
Circle being equally moved about the Center, dif- 

tch or finiſh divers Spaces in the ſame time, the 
laſt next the Center, the greateſt, more remote from 
the ſame. 

3 A Circle, is the moſt Capacious of all Plane 
IZUTES. 

What Iſoperimetral Figures are, is ſaid before, to wit, which 
when they are divers, yet they have equal Awbit or Periphery, 
of which the Terms taken together arc equal , as if the three 


Ades of a Triangle taken together, are equal in leogth to the four 
Sides taken together of a Quadrangle. — The 
| Fe- 


— 


pure ll 


Figures, Planes, 
2 Sided Figures; a 1 of moſt Sides is moſt 
wo ſhall ſhew hereafter in the Fifth 


as 
Parts 4 Une muſt U the moſt Capaeious 
of al other Foes of the ſame Ambit : which hath 
no Sides, yet may be underſtoed to have infinite 


Vin e Grele, ſome br Line cu the 
i, l Yin r Right Five ras f 


of the Secu or Cutting Line, 4 12 of the 
ame Cirche. 
In Fig. 52. As becauſe the Line d 6, cuts the Line 


ein duo in the middle, at Right Angles, therefore 


alſo it cuts the whole Circle in the middle, and is 
the Diameter of the Circle, whoſe middle Point 2 
is the Center. 

IV. A Circle cannot cut a Circle in more than two 
Points, and cannot touch it in mote than one Paint. 

This is evident, if any one fhall deſcribe one Cir- 
cle thro another, or join one contiguous to the o- 
ther; And the cauſe ſeems to be the perfect Ro- 
tundity, by reaſon of which, all the Points bend 
from each other: And by the ſame reaſon alſo 2 
Circle can touck a Line or perlett Plane, but in one 
. e ih of the of 1 

two Angles in the ſame parts of ile 
Peri 2 in 4 Urcle; one at the Center, the other 
ey 2 phery; r 7 it at the — * 
le of the Angle at the Peri ; this 

duple of that, or an half part. Pe 
; Example. 
In Fig. 53. The two Angles ac 6b, deſcribed from 
the Center c, and adb from the Periphery, infiſt 
on the fame Periphery aeb , I ſay the Angle c 15 
double of the Angle d, and this" ſubduple, or an 
half part of that , which Euclid rs neo Book 3 


Prop. 20. 
þ There- 


1-- Of CIRESDBS, 


double of th this ſubduple of 
that, and an half part; whence alſo it follows, that, 


VL les at the. Peripbery, which are in the 
ſame For. 44 are all equal between themſelves. 

For they inſiſt on one and the ſame part of the 
Periphery, of which they are half parts; and thoſe 
things Which are halfs of the ſame, are equal be- 
tween themſelves. p 

VU. Angles likewiſe which inſiſt on the Diameter, 
are all Right Angles. 

For they inſiſt of half the Periphery, which is 
180*, of which ſince = are ſubduple, they muſt 
needs be 90 Degrees, and therefore Right Angles. - 
VIII. But if two Plane Triangles, be inſcribed in 
the ſame Segment of a Circle, on the ſame Baſe, and 
Joined at Top, that from thence a four fided Figure 
be made, interſefied by Diagonale; the Rectangle of 
the Diagonals is equal to the Reffangles taken tage- 
ther of the oppoſite ſides. 

As in Fg. 54. there are two Triangles a b d, and 
:c 4 inthe him of the Circle = in- 
ſcribed on the ſame Baſe 2 d, and joined at top by 
the Right Line b c : The Rectangle of the Diag 
nals a h and c d, is to the Rettangles of 
oppoſite Sides a c and h d, alſo to bc and à d taken 
together, as Piriſcus hath demonſtrated in his Tri- 
gonometry, Book 1. Pag. 21. 


IR. Ibe Semidiameter of a Circle, is the ſide of 
m1 KL Hexagon, ixſcribed in the Circle. 


Circles, one of which paſſes through the Center of the other: for 
the Semidiameters being drawn from the Centers, the Semi- 
diameter of one, will appear to be the ſide of an Hexagon of the 
other, inſcribed in the Circle. See Eulid, Book 4. Prop. 15. 


ere X. The 


. 


- 
E 
? 
* 


AJ 
3 <6) 


The Demonſtration of this Theorem is evident from two equa! | 
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X. The Diameter, the Equilateral Triangle, the 
Quadrate, the Pentagon, the Hexagon, the Pentago- 
nic, and Oftogonic Star, inſcribed in a Circle, cut it 


| Harmonigally. See Fig. 55, 56, 57, 31, 32, 61, 60. 


For if a Circle by imagination be conceived, as it 
were, a String ſtretched out in an Inſtrument or 
Lute , and in the firſt place underſtand it to Vibrate, 
the whole being free from all Contact, but after- 
wards, as it were toucht by the Finger, One Half 
Part; Secondly, a Third, Thirdly, a Fourth , Fourth- 
25 4E th; Fi 5. 2 Sixth; Sixthly, moreover Three 

ighth Parte; and Seventhly, Two Fifths : Towir, 


like as, 1. The Diameter. 2. The Equilateral Trian- 


le. 3. The Quadrate. 4. The Pentagon. 5. The 
3 5. The Octogonic Star: And 7. The 


Pentagonic Star, cut the Circle: All theſe Sections 
rmony, or the Agreement of Mufick; to 
wit, + Diapaſon or Oftava, Quinta, Diapente, 1 Quar- 
ta, Drateſſaron, % Tertia Major, 4 Jertia Minor, 
4 Sexta Minor, 3 Sexta Major. 

And theſe are thought to be the genuine cauſes 
of Harmonical Proportion, or Muſick, becauſe the 
Sides of Figures, cutting the Circle in the ſaid man- 
ner, have a notable Prerogative beyond others, to 
wit, Scientifical Demonſtrability, with reſpett to the 
Diameter 2 the 1 Kory the Tn of qt 
agreeing Intervals 0 are either not hi 
or making a Sound, or unfirly making a Sound; 
therefore they conſpire together friendly. Suſtenance 
to the Mind, and the Ears. | 


11 The Diemeters of Circles, or the Semidiane- 
ters. are to one another, as their Circumferences, and 
the Contrary. 

For fince a Circle is deſcribed by the Circumvo- 
lution of che Scmidiameter, ore Extream being fixt 


JE” 
(15 


£4. _%. oo] 


c 
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tis manifeſt, that thoſe Circles are equal, of which 
either rhe Semidia or the whole Diameters 
are equal: B ameters, or Semid iameters be- 


Al. 


The leaſt Terms of this Proportion, are, 7 and 22 
the next leſſer, but nearer che Truth are, 113 and 
335. | 

XIV. The Preportion of the Square of the Dia- 
neter to the 2 1 G I a very near, 
that ic, Supertripartiens undecima. 
The leaſt Terms of this Proportion, are 14 and 


| SEES 

RV. The Proportion of the Square of the Circum- 
ference of a Circle, to the peg, the ſame, is very 
near 12 5, that is 12 times, and four Seventh Parts 
over and above. 

In the leaſt Terms, as 88 to 7. 


XVI. The Area of any Circle is equal 10 4 Ref- 
angle Triangle, one fide of which about the Rettan- 
gle is equal to the Semidiameter of the Circle, and 
the other is equal to the Periphery, or which is the 
ſane, to the Diameter, and half the Periphery. 

In Fig. 62. The Area of the Rectangle Tria 
CB A, made upon the Semidiameter A B, and the 
Side B C, which is aſſumed equal to the Periphery 
of the Circle, is equal to the Area of the Circle. 


M PRO- 


Uarmonigaly. See Fig, $5, $6, 57, zi, 34, 61,60. 
RE 2 8 4 s 


For 1 a Circle by imagination be concei dd, 2s it 


FY 


| to the Mind, and the EA W. 


11. The Diemiters of Circles, or the Semidiane- 

ters. are to one” another, as their Circumſerencts, and 

For fince a Circle is deſcribed by che Circumvo- 
lution of rhe Semidiameter, ore Extream being fixt, 

| "Ia 


. 


» 
- 
9 — 
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Genf Es. 


tis Circles of which 
either the 2 
are equal: es 


e 


. 


5 > 


r pe a the comrrery. 


Tie leaſt Tens of this Properu ate, 7 and 22 
2 dur newer the Truth, are, 113 


N. The Preportion 


neter to the Area of the Circle, er I Lo 
that it, Superttipartiens undecima. 
The leaſt Terms of this Proportion, are 14 and 


11. 
Square of the Circus 


XV. Ir Propurtion 
ference of a Citi, tat rr ame, is very 
mar 12 5, that is 12 times, and four & nth Paris 
mer and ubour. 

In the leaſt Terms, 28 88 to 7. 


XVI. The Are Grele is equal 10 a Ref#- 
angle 2 one 2 which about the Rettan- 
a Ss to the Semidiameter of the Circle, and 

other ic 


to the Per: , or which is the 
ſane, i to the Diameter, and half the Periphery. 


In Fig, 62. The Area of the Rectangl Triongls 
CB 0 rn 

Side-B.C, which is aſſumed equal to the Periphery 
o the Circle, is equal ro the Area of the Circle 


M po. 


* The trees of ee a. 


of _ the Sguare of the Dis- 


8 I 
8 


3 equal Portions, as in Fig, rh 


68. Pute of Mme. 
P R QB LEM. | 


1. To cu a given Girels, * the 

T. Raw a Right Line through the 
minated at both ends 

the Circle wil be divided in 
2. Or if no Center appear, diaw any Right 


Part II. 


whatever, terminating on both fides ar the Cixcum- 


which cut in the middle, then draw ano- 
ther Right Tins through the Pom of Seftion ar 
Right Angles, terminating on both ſides at the Cir- 
cumference, which ill cut N 0 the mid- 
e into two equ orti ae ma 
415 a part of the whole ndnd 1. oi 
drawn, joining 8 _ Cu 
riddle at Right Angles, may be divide ine — 


II. To find _ Center . a groen Gre: 

A Right Line the -Cirde imo two equal 
Portions may be four by the foregoing Problem: 
again divide it into two Parrs, - and you will 
have in the point of matte, the Center cf the 
given Circle. 

III. To divide 4 Circle given into four Quadrant: 


422 1 adi 
a Right Line Center, b it 
IRR DER hs Ig 
mpaſſes a little 2 the Se 
mid iameter; fix e 
propoſed line, and grow ad, ut the Periphery, 
an occult Arch, the Compaſſes or at the Lie - 


ſtance, ſet one Foot in the other Extream of the 
— line, 5 the other by a little oc- 
cult Arch: If again you draw a line from the 

of Interſection conſt the Center, the Circle will be 
d: vided into four equal parts. 


IV. A 


- 


© eds md kw 
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i | 4. . ing given, and divided into four 
£35! : Io 455 it into 12 parts, the 8 
Frmainung of the ſame Fe _ whereby the Circle 
was deſcribed , and it being divided into 8 parts, 
. it into 24, with the Radius of. the 

le, or the ſams diſtance. 2 46 

I. The din of the Circle into 12 Parts. © 4 
1. In Ng. 62: let the 4 Quadrants of the Circle G 
by ABC nuinbring from the top towards the 
2. Then taking the Interval of the Semidiameter, 
and proceed towards B, through the 
whole Periphery, noting the diviſions. 


3. Ther begin from B. and proceed towards C D, 
beyond 4; and in like manner, if you will, you 
may affix the Notes of Diviſion, and the Circle will 
be divided into 12 parts. 

II. The Diviſion of the Circle into 24 Parts. 


of the Circle, begin 
ds b c, through the 


the three groen | 

From the firſt Point to the ſecond draw a Right - 
Line, alſo from the ſecond to the third ; divide both 
theſe Lines in the middle at Right Angles, by Lines 
produced to any length: The Point ot interſection 
of theſe two lines will ſhew the Center of the Peri- 
M 2 Pheiy 


5 


"on 
* 
. 


's 
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hery of the Circle paſſing through the three given 
oints. eaves "= Sk 
VI. To find the Center of any Arch, and from it 
to finiſh the Circle. LE ol ; 
In the aforeſaid manner, aſſume in the given Arch 
3 points, join them by Right Lines, cut the Right 
Lines in the middle at Right Angles, the point of 
interſection of the two Secants produced, is the 
Center ot the given Arch, from whence it, and al- 
ſo the whole Circle may be deſcribed. 

VII. In a Circle groen, to deſcribe a Square. 

Draw the two Diameters, cutting. each other at 
right Angles in the Center ; join the Extreams of the 
Diameters, and a Square will be inſcribed in the gi- 
gen Circle. | 

VIII. To deſcribe a Circle in agiven Square. 

Divide the Sides of the Square in the middle, 
and join each oppoſite point of interſection by right 
lines, the point of interſection of theſe two 4 
lines will be the Center of che Circle to be inſcri- 
bed, to touch the ſides of the Square. | 

IX. To deſcribe a Square about a given Circle. 

Draw in the Circle the two Diameters, | 
each other in the Center at right Angles , . 
the Extreams of each Diameter make P icu- 
lars touching the Circle ; the meeting of which Per- 
oy 1 will make the Square circumſcript to 
the Circle. wi 

X. To deſcribe a Circle about a groen Square. 

In the Square, draw two Diagonals, cutting each 
Other at right Angles, from the point of InterſeQi- 
on, wich the Interval ot halt the Diagonal deſcribe 
a Circle, *ris that you fought. Som 

XI. In a given Circle to deſcribe an Æguilateral, 
«nd Equiangled Hexagon. 


aſtume, or retain the Semidiameter ( which is 
We jd ct an Hexagon) it will divide the Circle 
into 


MRS See... Lat Dd ks EE DE 


Mya umm Hm 
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into fix parts; Join the points of Diviſion, and you 
will have the Hen n required. - ; K 

XII. To inſcribe an Equilateral Triangle in a gi- 
ven Circle. 3 

Divide the Circle into ſix parts, and omitting one 
intermediate point of Diviſion, join the reſt by right 
lines, and you will have an Equilateral Triangle in- 
{cribed in a Circle. 

XII. To inſcribe an Equilateral and Equiangular 
Pentagon, and in the ſame manner. alſo a Decagon, 
in a groen Circle. 


Fig. 65. From the Center e deſcribe the Circle 


«bcd, draw the Diameter b d, and the Perpendi- 
cular à e; cut the Semidiameter e in the middle, 
in F, make the Interval fa in the Diameter b d from 
V and let this interval be fi: the right line i 4, will 
be the fide of a Pentagon, and ei, the fide of a De- 
cagon inſcribed in the Circle: The right line then 
i a, being five times aſſumed, and e i, ten times in the 
Periphery, will comprehend points, which if you 
join by right lines, will be the Pentagon and Deca- 
gon defired. | | 

But we muſt note in this that to inſcribe many Angled 
Figures in a Circle, we ſhall inſcribe in the ſame Multangular Fi- 
gure, another which hath doubly more Sides and Angles, if we 
divide the Arches which the Sides ſubtend in the middle: So in 
an inſcribed Square, we may inſcribe an Octagon; in a Sexagon, 4 
Durdecagon; in a Decagon, an Icoſagon. 


XIV. Ir a Circle given, to inſcribe, and Circum- 
ſeribs any Regular Multangle. | 

Divide the Circle into 4 Quadrants, ſubdivide 
one Quadrant into ſo many equal parts, as the Mult- 
angle to be inſcribed hath Sides and Angles : Exam- 
ple, Into 7 parts if you would inſcribe a Septangle, 
into 8 parts if an : And a right line, which 
ſub 4 of the fame parts, will be che fide of the 
Multangle to be * For of how many * 
3 o 
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of the Quadrant one bf thoſe is, 1 
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| Which the 
Quadrant is divided, fo many is the of Four 
of fuch of the whote Periphery. 

Bur it in a Circle, any Regular Multangle whit» 
ever be inſertion In is manner, and at the Extregms 
of the Diameters, icular lines be raiſed frm 
the Center to the Angles of rhe inſcribed Figure, 
theſe N joyned, will conſtitute à Re- 
Multangle Figure, of the ſatne number of 
ides au Angles, dicumſcribing the Ciecle 


To be Noted concerning the Hepcagon, or 7 Sided 


gare. 

Although the n may in ſome reaſon be 
inſcribed in 2 Grete Mechanicatly, nevertheleſs it 
wants a Geometrical Deſcription, as wall without 
the Circle as within; ſince the quantity of rhe Sides, 
in reſpett either of the Diatrieter of the Circle, ot 
of any other Figure, (although neceſſary ) is yet un- 
known : Neither, as Kepler ſays in his Harmonic t, 
can it be known by Humane Underſtanding : There- 
fore, fays he, no one at any time knowing! a 
Wing, Lr po mer ory any one the 
on of a r Septa om apy thing propoſed, 
neither can * be made om any propoſed, but 
by meer Chance; and yet *tis to doubt, 
whether it may be conſtructed, or not? 

XV. Io determine the Sides of all Regular Planes, 
in Parts of which the Semidiameter of the Circle is 
190coo, in « Plane circumſcribed of the Circle. 

Wich the fide of thc Figure to be inſcribed in 4 
Circle, enter the tollowing Table, which compre: 
ends che Proportion of the Sides, with reſpect to 
the Semidiameter, from a Triangle even to one of 
20 Angles : tor the fide being found on the left hand, 
vvtr againft it, is the Quantity of the ſame, in reſpet 


Lo the dm diameter ot Parts l. 


Exam). 


A Table of the Suantity of Sides, in reſpet{ of the 
| 2 1 — fa reſp 4 
even ro one of 20 Angles, or Sides. 


— Quant. of Sides (Numb. of Evan: ofSides, 
oa 173205 12 | $1764 

4 141422 13 47863 

3 117557 I4 J. 44703 
| 6 I00000 I5 41582 

7 86779 16 39018 
— WILL 

9 68404 | 18 34729 

19 61803 | I9 32916 
e 20 | 31268 


— 


The thay of Making and of Continuing this Table, 
is that. 

1. Divide 350 Degrees of a Circle, by the num- 
ber of Sides of the given Figure : Example, by 4, 
the Sides of a Quadrate or Square, it makes 90. * 

2. Seek the Sine of half of the Quotient, vis. of 
45, which is 70711. | 

3. The double of it, 141422, ſhews the fide of 
the Square fought ; in parts, of which the Semi- 
diameter is 10C000. 


XVI. Toe Side of eure being aſſumed, of 
Parts 1000; To find he Ger. 2 of 
the circumſcribing Circle in the ſame Parts. 


M 4 Enter 


168 Problems of Geometry. Part II. 
Enter the following Table, and ſeek the number 


of the Sides of the Figure (in the firlt Column) to 
which the Circle is to ——— , Over againſt 
which anſwers the Quantity of the Semidiamete 


in the ſame parts. 


42 if we were to ＋ = of a _ to circum- 
an A. : ft Hept agon be ſuppoſed, or 

of Parts es T's the Number of 7, the fide T5 
over = it we find 1152, the quantity of the Semidiameter 
in thoſe parts. 


A Table of Radius*s of a Circle, circumſcribing 
Regular Figures, aſſuming the Sides of any Figure, of 
Parts 1000. | 


umber of | Quantity of | Number of | Quantity o 
Sides. Rail, Sides. 7 Radij. „ 
3 577 12 Ln. 
| 4 707 13 089 
1 e 8 850 . 
6 1000 15 2405 
7 1152 15 2563 
| 3 1 2721 
9 1462 18 2879 
| 10 | 1618 19 3038 
3 + BY. 20 3196 


. The manner of making and continuing this Table, 
is thus. 

1. Take from the Table of Problem XV, the 
Quantity of the Side of any Figure, to a Radiat or 
Semidiameter 0: Parts 100000 z to wit, of a Square 
Figure, the quantity of whoſe Side is 141422. 

2. Then make it as the F To the Radius the Side of 2 


So 
Side of the Square 141422 @ of Parts 100000 1 Square 1000. 
To the Radius 507, omitting without ſenſible Error, the ad- 
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of, CIRCLES. 


XVII. A Cris being given, 10 Double or Ty 
it, or to increaſe or Dinuniſh it, in 2 


Proportion. Bhs 
E 1 Proportion, continually 


1. Take the ſubtenſe of the firſt Quadrant of the 
Circle to be increaſed, for a Semidiameter, whereby 
deſcribe a Circle doubly ter to the firſt given : 
Of this double Circle, 10 ume the ſubtenſe of Id 

inſtead of a Semidiameter, it will 
Circle 4 times as great as the firſt : If you * 
ſubtenſs of th the Quadrant of this, a idiamerer, 
it will make a Circle 8 times as great as the firſt; 
and ſo you may proceed in inſinitum. 


But in returning or going back again, take the Se- 
midiameter of the greateſt Circle, inſtead of a ſub- 
tenſe of a Circle * leſſer, or as little again; 
from which ſubtenſe may eafily diſcover the 
Semidiameter of this cle doubly leſſer, in the Se- 
midiameters of leflened Circles, cutting each other 
at Right Angles in the Center: And ſo alſo you may 
do, for finding Circles 4, and 8 times leſſer. 


But if you would aſcend in Arithmetical in Double 
to Triple, Quadruple, Quintuple, &c. — 

1. You may let the point of the Compaſs, remain 
in the extream point of the Semidiameter of the 
wit Circle, a, in Hg. 66. from which, if you take 
the ſubrenE of the Quadrant « c, and trans fer it into 
me line þ /, you will have d, the Semidiameter of 
the double Circle. oh 
2. Then if you transfer the ſubtenſs ad, into the 
ime line 5 1. you will have be, the Semidiameter 
f a Circle Threefold greater than the Firſt given. 

From ae, if you make b f, you will produce the 
d. midlameter of a Circle Fourfold greater than oe 


> * 
2 


© Ly + 


be, the Semidiameter of a Circle, only Tri 


Whole length muſt contain the Diameter three times 


In going back again, the Ratio 1s reverſe, as if 
from the Semidi r bf, of a Circle Fourfold 


eater than the firſt given, you would inquise the 
Ecmnidiameter of a Ge caly Triple: of firſt : 
Take with your Compalles the idi b 


and make from it the ſubtenſe 4 4 and it will 


7 


ter of the firſt given: Then from the Semidia 
þ c, make the ſubtenſe à d, and you will have d, 
the Semidiameter of a Circle only doubly greater 
than the firſt given, Cc. 


XVIII. To conſtitute or make a Refangle Trian- 


ue, equal to a given Circle. Fig. 6). 


Divide the Diameter into ſeven equal parts, and 
at the Extream of ir, B, raiſe the Perpendicular BC, 


and over and above a ſeventh part of the Diameter: 
If then you join either the Extream of this Perpen- 
dicular C, with the Center 4; or which is the ſame, 
the halt of it, or the middle point, with the other 
Extream of the whole Diameter, as the ptick lire 
ſhews, you will have a Rectangle Triangle, equal 
to the given Circle, very near. 


XIX. To Square the Circle; or to make a Square 
equal to 4 Circle. 


Becauſe the Rectangle Ouadrangle, contained ur- 
der half the Periphery and che Semidiameter, is e- 
qual io the Circle : It then we find a mean Propor- 
tional, between the Right Line which is equal to 
half the Periphery, and the Radius or Semidiame- 
ter of the ſame Circle, it wil! be the fide of a Square 
equal to the Circle. 


it 
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Sas equal to the Cir 


. bo debris oe plow, ko. 


In Fig. 68, Let the Square 
— | — 4rk Fe ar then cut G 
in cat. 

z part of the fide de from 4 mhich Jet by of; 
the remainer fe is the Semidiameter 


equal to the Square # bc d, proxime. 


The Diameter of « Circle being given, to find 
its Circumference. 


Make it as 7.10 22, 6x races nope the Teach, a3 
113 to 355: os gen, a oh” e Circum- 
ference, yer a little . ch; but 
the laſt Proportion, tis 4344, being yet a 


matter to great. 


XXII. The Chrcknference givrn, to find the Di- 
meter. 


Make it as 22 to ), ſo the Circumference given 


For Example 44, to the Diameter ſo 14. Which 
is ſomewhat leis than the Truth. r 


XXIII. Given the Diameter of a Circle, to find 
its Area. 


_ 14 to 11, fo for Example, the Diame- 


irs quate is 49, ( which is had by drawing 
= he nes into it ſelf) To the Areq of the Cir- 
cle 28 2, a little too much. 


XXIV. By Anowing the Periphery of the Circte, 
to find its Area. 

Suppoſe the Periphery, for Example, 22, its Square 
484 ; and make it as 88 to 7, ſo the Square of the 
Periphery 484 to the Area ſought, 3 . F. Ges 
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XXV. Given the Semidiameter and Circumference 
of a Circle, to find the Area. 
Draw half the Circumference into the Semidi- 


ameter, or half the Semidiameter into the whole 
Ci 


ircumference, and it produces the Area of the 
Circle; as for example, if the Semidiameter be 7, 
the Semicircumference 22, the Area of the Circle 
will be 154. 


XXVI. Groen the Area of 4 Circle, to find its Di- 


ameter. 


Make it as 11 to 14, ſo the Area 154 to the 
Square of the Diameter 196, whoſe Square Root 
14 will be the Diameter ſought, ver4 pauls minor. 


XXVII. From the Area of a Circle given, to find 
its Peripbery. Is i 
Make it as 7 to 88, ſo the Area of the Circle 154, 
to the Square of the Periphery 1936, whoſe Square 
Root 44, will be the Periphery, Paulo tamen major 
vera. 


For the true and exquiſite Proportion of the Cir- 
cumference of a Circle to its Diameter, to wit, of 
a Right Line, and a Crooked, is not as yet found 
out, nor perhaps will ever be found ; wherefore 
what we have delivered hitherto, we are content in 
this — with the Proportions Invented and De- 
monſtrated by Archimedes, and others. Re 
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V b 
GEOMETRY. 
__ PART IL 0 
of TRIGONOMETRY | 


The PREFACE. 
Of the Canon of Sines. 

. T Rigonometry, is the Doctrine of Solving or 
T Meaſuring of Friangles. 22 
2. An help to it, is che Canon of Sines, whereby 

aſſuming in a Circle a Radias, or Semidiameter of 

certain parts, the Quantity of the Sines, and alſo of 
the Tangents, and the Secants, and Verſed Sines, are 
agned to every Arch of one Quadrant; to this 
end, that from or by theſe, the Angles and Sides'of 

Triangles being known, we are brought to the know- 

ledge of others unknown, by the benefit of the Go/- 

den Rule of Proportion. | 


3. In this Canon two things are to be regarde 
1. Its Structure: And 2. Its Uſe. 

4. The Structure, is eaſie, if we have the known 
Proportions, which the ſides of Recta Nie Triangles 
make between themſelves ; alſo of Fi 
inſcribed in a Circle, of the Trigon, Tetragon, Pen- 
tagon, Hexagon, Decagon, &c. with the Semidiame- 
tur: for ſuch ſides are ſubtenſes of Arches, the half 
of which, conſtitute the Sines of half the Arches , 
om one of which many may be had, as Pitiſcus 
plainly teaches in many places in his nt” 

| 5. The 
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5. The Uſe of the Canon of Sines in General it: 
£ That either from an given; which being 


e 


32 
2. 0 "hem Fins, ſeep, or Secents, 
being ſought Bree of the Canon, is 


6. nn Ag we _— Note: 


An Arch being propoſed of — 115 2 
For it, I take its — gs 


1. Sines, Tangents, and Secants alſo, are ſome- 
times computed to Firſt and e S:zuples, bu 
ſome Canons are content only with Degrees. 

2. And if thenelore foch # Wt Carnie be olferel 

to you, and you would uſe alſo Scruples, as wel! 

rimes as s in your Calcula on, you muli 

ſeek rhe part — and that in two = 
I 


. Io... A ene 4 00 1 
—— Funſed Sine. N _ 


The Proceſs is thus. 


8 


CO PN 


2 e 1 
make What make s 
ton a PRE CE | 
If 3600" give 1716 ; wadecit produce i 
operati being 1 uces , Or moſt. 
Ti aid tothe nz of 19 — — — 


17809. 
mes Sine of the Arch — : 13“: 30” 


2. If to a right Sine given, we ſeek the Arch an- 


ſwering to it. 
| Proceed thus. 
i ASL} 11% . The given, aber 
The next lefler 10 17365. 17365. 
r The differ. 444. 


8 —_—__ 
If : 
yd od SF x7 ors”: mh 647 The oper 109, that 


made, it praduceslg 
you. may have the Arch anſwering to the Sine given. 
that we ſhould be 


But tis 
troubled with ſ Sato but in moſt Calcu- 
— we may be content with Minutes, or Firſt 


Scruples : Aid What in thi is ſaid of Sines, 
the fame alſo is to be underſt concerning Tan- 
z2nrs, and Secanta, and Verſed Sines. 

III. 


S Verſed Sines' are ſeldom added to the Tables of 
vines, ( ”w_ to ſave trouble I have added mn 
| auſe 


E> 
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becauſe they may be had from the Table of Sines 
with a great of eaſe : For 2 
t. The leſſer Verſed Sine of an Arch leſs than a 


Quadrant, may be bad, 


Tf you take away the Sine of the Complement of 
the given Arch from the Radius, or whole Sine. 
2. The greater Verſed 3 an Arch grea- 


ter than a Quadrant may be obtained. 

If to the Radius you add the Exceſs of the right 
Sine, to wit, whereby the given Arch exceeds a 
Quadrant. 3 


— 


3 
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. THEOREMS. 
Of Triangles in General, 
1. A E Right Angler are ae between them 


etves, to wit, each to 90˙. 
2. n a Line is inſiſting on a Line, or cutting 
the ſame ;, it makes Angles that are either Right, or 


. { © equal to two Right Angles, as in Fig. 12 and 13. 


In 


In this Scheme, the Perpendicular Line, with the 
ſubjected Line, makes two Right Angles ;z but the 
Line falling obliquely makes one Acute, and the 
ocher Oblique, and both equal ro two Right An- 
gles: For by how much one wants of a Right An- 
ge, oy o much the other exceeds the ſame Right 
Angle. 

3. Angles at the Vertex, or oppoſite by the Croſs, 
we equal between themſelves. 8 / 


As in Pig. 14. the Angles ö c d, and ace: Alſo 
feb, and ce ꝗ are 


4. Angles tohaſe Legs agree, are equal between 
themjeroes. | 

As it an Angle be placed, or put on an Angle, and 
each of the Legs ſo agree, that never a one bends or 
deflects from the other, although perhaps one may 
be * than the other, thoſe Angles are accounted 

val. | | 

5 5. In any Triangle whatever, a Perpendicular let 
fall from an Angle contained by equal Legs, cuts both 
the Baſe and the Angle in the midiic, or into 10 
equal parts. 


Perpendicular ec being let fall on the Baſe d /, cuts 
i in the middle. | 
6. In all Triangles, tuo fades taken trgether art 
weater than the third. or remainer. 

Ihercfote if any one commands a Triangle to be 
made, whoſe ſides contain 3. 4. 8. it may te pel- 
ceived to be impoſhble. 

7. In every Triangle the greater fide ſubtends the 
zreater Angle, the leſer fide the leſſer Angle, and 
4 i des 7 abtend equal Angles. 

tor Ly how much greater or leſſer the divaricati- 
n of rhe fides are, that conſtitute the Angle, from 
hence the Angle is made greater or leſſer; by to 
auch greater or leſſer alſo the ſubte. ſe is made. 

| MN S. Hence 
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In Fg. 24, in the Equilateral Triargle de {, the 
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8. Hence every Equilateral Triangle is alſo Equi- 
engled, and the contrary. 
9. But an Iſoſceles, or Equicrural Triangle hath 
the Angles at the Baſe equal. | 


Of Plane Triangles. 


10. If a Right Line falls on Parallel Lines, it 
makes like Angles, and being ſcituate in like man- 
ner, or alternate, it makes equal Angles, and the con- 


i Trary. 
/ FF S in Fig. 14. Like Angles, and alike ſcituated, are 
the Anglesbed, and ce g; and alternately ſcituated 
are 4 ce, and ce g; and as theſe, ſo alſo thoſe, are 
equal between themſelves. 
IT. If Right Lines are cut by Right Lines that 
are Parallels, the Interſegments are Proportional. 
In Fig. 72. The two Right Lines 2b, and ac, be- 
ing interſeQted by the Parallel Lines de, and bc, 
The Interſegments then, à e and a d, alſo db and 
ec are Proportional: that is, as ad, to a b, fo ac 
toac. Andasae to de, ſo ac to he. 
12. Hence, in a Plane Triangle, a Parallel to the 
Baſe, cuts the Legs Proportionally. 
As if in the Triangle b ac, you take bc for the 
Baſe, and a Parallel to it d e, theſe Legs à d, and ae, 
will be cut Proportionally. 
= 13. Equiangled Triangles have their Sides about 
the equal Angles Proportional, and the contrary. 
# * Example, Fig. 72. 
Let there be two Triangles a de, and @ bc, equi- 
ed, ſo that the Angles at d and 6, likewiſe at « 
and a, and at e and c are equal: I fay the ſides of 
them any t the equal Angles are Proportionals, that 
is, th C 
AF. to de; ſo ab to bc. And as ad to ae; 
ſo 40 to ac. 
And as ae to de; ſo ac to cb, &c. 
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15. If of any Plane Triangle whatſoever, the Side 
be continued, the outer Angle made by that conti- 
nuation, is equal to the two inward oppoſite Angles,  . |} 
as in Fig. 74. F ſo | 

If the fide 2 c of the Triangle a b c be continued | 
in d; the outer Angle bc d, will be equal to the | 
two inner oppoſite Angles b ac, and abc : for the | 
Angle ec d is equal to the Angle 6b 4 c, tor they are 
ſcituate alike berween Parallels. 

Alſo the Angle h ce, the other pu the Angle 
bed, is equal to the eabc, uſe alternate- 
ly ſcituate to it; whence it follows alſo, that the 
whole Angle b c d, is equal to the two oppoſite An- 
ples, bac and a b c. | 


16. Every Plane Triangle bath three Angles e- 
qual to tuo Right. 
For the Angles h c d and h c a, are equal to two 
Right, therefore ſince they are alſo equal to the Ki 
three Angles in the Triangle 20 c, it muſt neceſſu- 
- rily follow, that theſe three Angles alſo are equal 
! to two Right: For bc a is a common Angle, and 4 
q equal ro ir ſelf, but 6cd is equal to the Angles N 
b 4 h c and h ac, as appears by the precedent Pro- 
blem; therefore the Triangle « b c hath three An- 
gles equal to two Right: Becauſe thoſe rhings 
which are equal to one and the lame, are alſo equal 
between themſelves. 


N 2 17. Hence 
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17. Hence, in no Plane Triangle, can there be more 

than one Right or Obtuſe Angle. 

For otherwiſe,the Angles would exceed two Right 
8 which is contrary to the Antecedent Pro- 
blem. 

18. And one Angle being Right or Obtuſe, the o- 
ther two muſt needs be Acute. | 

19. And either of the two Acute, is the comple- 
ment of the third to two Right Angles. 


20. Moreover, if two Triangles have pairs of An- 


gles equal, they are wholly equal. 

For if you rake both the pairs of equal Angles 
from 180, the remaining complement of both rhe 
Triangles muſt nceds be equal, according to the 
Rule, vig. 

When Equal things are taken from Equals, the 
Remainers are alſo Equal. 

21. In a Reflangled Plane Triangle, the Squares 
of the Sides including the Rectangle, taken together, 
are equal to the Square of the Hypotenuſe. 

Example. . 

Fig. 75, In the Triangle abc, Right Angled at b, 
I fay the fides ab, and bc, including the Right An- 
gle, it of them you make Squares; equal to thoſe 


Squares is the Square of the Hypotenuſe 4c: As if 


the fide 2 b, be 3 Feet, its ſquare will be 9 Feet; and 
it the fide bc, be 4 Feet, its ſquare is 16 Feet; which 
2 Squares taken together, make 25 ſquare Feet, and 
is as much as the ſquare of the 5 For 
if it be 5 Feet, its — alſo will 
the two former taken together: The Demonſtration 
of this moſt noble Theorem, you may ſee in Euclid, 
Book 1. Prop. 47, and alſo in Pitiſcus. 
22. In aRedangle Plane Triangle, one of the Acute 
Angles. is the Con:plement ile other to a Quadrant. 
For che Kight Angle is always 9go?, it therefore 


one of the Acute be 36?, the other of the Acute An- 


gles 


25 Feet, as 


— 9. ©) kr — + 
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gles muſt needs be its Complement to a 


that is 54? ; to wit, that the 3 Angles together, may 
be made equal to two Right Angles, or 180“. 


23. The Sides are to one another, as the Sines of 
their oppoſite Angles. 


For ſince the ſides are to one another, as the ſub- 
tenſes of their oppoſite Angles : But they make the 
ſubtenſes of the oppofite Angles, if you circum- 
ſcribe a Circle about the 3 Points of the 3 Angles, 
they will be alſo to one another as the halves of 
their ſubtenſes, that is, as the Sines of the oppoſite 
Angles ; for chat which is the Ratio of the whole 
to the whole, the ſame alſo is the Ratio of the half 
to the half, as nature it ſelf Dictates; for Exam- 
ple, The Rat io of 10 to 6, is alſo the fame as 5 to 3. 


24. As the Sum of two Sides, lo the difference of 
the ſame, ſo is the Tangent of half the Sum of the 
— of fire e Angles, to the Tangent of the Difference, 
beneath or above the balf.. 


Eig. 76. As in the Oblique Triangle 40 c, if! it be 'F 6:3 
The fide ac, 5. The Sum of the Anglesat a & b, 140. 


The fide be, 2 2.0 The Halt —. 
The Sum —8 ( The Tangent of this Half, is 274747- 
Difference, 2. ! lay then. 


As the Nang ro the Dif-2 So the Tangent of the 
of the ſides 8.5 ference :Fhar 70, being 274747. 

To 6868593, the Tangent of the Arch 34“: 28 
59% ; which is the Difterence of the Angle a, be- 
neath, and 6b, above the half: | 


Whence if from the half 70? : & : o“ 
We Subtract —— 34 * 59 


It leaves the Angle at 4 35: IS | 
N 3 But 


1 
| 
| 
ö 
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But if to the ſame half —70? : O: O 
We add-———————34 : 28 : 59 
It produces the angle at b—104 : 28 : 59 


4+ bt 


25. As the greateſt fide to the Sum of the reſt, ſo is 
the difference of the other ſides, 10 the Segment of the 
greater ſide, which being taken away, the Perpendi- 
cular will fall in the middle of the remainer; Fig. 76. 


In the Triangle abc, let the greateſt fide 


4 c be parts —— 21. 

OD — ͤ . — — — — 20. 

bc | ——— 213. 

The Sum of the two leſſer —— 33. 

The Difterence- — — 7. 
Say then : 


As the greateſt J To the Sum of Þ So the Diffe- 
fide 21—— } the others, 33.4 rence ; 


To 17, that is the Segment of the greateſt fide 
a d, which taken from a c; the Perpendicular h : 
will fall in the half of the remainer 4c : For 11 ta- 
— from 21 leaves 10, and the halts of this is de, 
and ec. 


26. The Perpendicular, which is let fall from a 
Right Angle on the Baſe, is a mean Proportional be- 
tween the two Segments of the Baſe And in like 
manner, either leg 4 the Right Angle is a mean Pro- 

ortional between the Baſe and the Conterminate Scg- 
ment of the Baſe : As. DES 


If the aforeſaid Triangle 46 c, be ordained a Rect- 
angle; the Perpendicular b e let fall on the Baſe ac, 
is a mean Proportional between the two Segments 
of the Baſe ae and ec. - 

In like manner, @ b is a mean Proportional between 
the Baſe ac, and the conterminate Segment £ e: 

: - 
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Likewiſe the Leg ö c is a mean Proportional be- 
tween the Baſe 2 c, and the conterminate Segment ec. 


Of Spherical Triangles. 


27. The Sides of Spherical Triangles are Arches 
of the greateſt Circles, droiding the whole Sphere in- 
to two Hemiſpheres, each leſs than a Semicircle. Fig. 
77, 78 and 79. 


3 


* 


wy; 
28. If a great Circle of the Sphere paſs through  - 
the Poles of a great Circle, it will cut it aright, or 


at Right Angles. 


In Fig. 80. The Arch of the Circle 2 h, cuts the 
Arch of the Circle g h rightly, the Pole ot which is 
the Point 9. . 

29. The Meaſure of a Spherical Angle, if it be 
taken in a great Circle, is an Arch of a great Circle 
deſcribed from the Angular Point between the In- 


WW 


* 
—— 


tercepted Legs in ſome meaſure continued : See ©) 7 


Fig. 80. Ke 
So the Meaſure of the Angle c b, is the Arch g b, 
diſtant from the Angular Point by a Quadrant. 

30. If the Legs * Spherical Triangle being con- 
tinued, do concur or meet, they make Semicircles, 


and they comprehend an Angle equal and oppoſite to 


the aforeſaid Angle. 

As the Legs of the Angle h a c, being continued 
to d, make the Semicircles 4 h d, and a c d, and com- 
pros the Angle b dc, equal to the Angle hac, 


uſe the ſame Arch gh meaſures both the An- 
es, a and d. 


31. Any Spherical Triangle, from any Angular. 


Point, bath another Triangle oppofite to it, whoſe 
Baſe is the ſame, and the Angle oppoſite to the Baſe ; 
the remaining farts are the Compiements of the Parts 
of the former Triangle. 


% 


N 4 8 
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So in the Triangle h ac, from the Angular Point 
, it hath the Triangle h dc oppoſite to ir ſelf, whole 
Baſe is the ſame b c, and the Angle oppoſite to the 
Baſe b de; Bur the fides bd and cd are comple- 
ments of the Sides 4b and ac to a Semicircle : And 
the Angles db c, and deb, are complements of the 
Angles a bc, and b c a, to two Right, or 180. 


32. A Refangled Spherical Triangle, with 1:co 
Acute Angles, bath from the Right Angle, a Reti- 
angle Triangle, oppoſite to it, with too Obtuſe An- 
gles ; and the contrary. 

As if the Angles at à and d are ſuppoſed to be 
right, it hath the Rectangle b a c, with two Acute 
at b and c; and the oppoſite Rectangle 6b dc, hath 
two Obruſe Angles at b and c. 


32. Reffangle Spherical Triangles, with to Ob- 
tuſe Angles, two of the Sides arg greater than Quad- 
rants, as bd and dec, and the third leſs than a Quad- 
rant, as bC, in the Triangle bd c. 


24. In a Refangle Spherical Triangle, with an 
Acute and an Obtaſe Angle, it hath oppoſite from 
the Acute Angle, a Reilangle Triangle, with two 
Acute Angles. 3 
As in the Rectangle Triangle c d e, with the Acute 
e cd, and the Obtuſe ce d, it hath the oppoſite Tri- 


angle Rectangled e d f, with two Acute at e and f. 


25. Spherical Triangles having more Right Ang les 
than one, the Sides ſultending, ibe Right angles are 
Ouadrants. 

So if the Triangle ag h is a ReQangle Triangle, 
with three Rigat Angies, all its Sides are Quad- 
T1tS. | | 
26. If of a Spherical Triangle, taping tro Right 
Aneles. the third Angle be Acute, the third Side 1s 
lefs than a Quadrant : But if Obtife, *11s greater. 


As 


Via 4s 
I 


7... Of Spheritel Triangles. a5 
As in che T þ g i, Acuteangled at g, the 
uin 4 he is > — : bo — 


Triangle ag i, Obtuſeangled at , the third fide is 
e 1 2... 5 Ne: A 
37. In a Spherical Iriangle, purely Acuteang 
Dee Sphe — 


its oppoſite rical Triangle bath two Obtuſe, 
one Acute Angle, and ihe contrary. ö 
As if the Angles at a, and at d, are ſuppoſed A- 
cute, To the Triangle 4 b c, purely Acute, ( that is ö 
to ſay, having three Acute Angles) there is oppoſite A 
the Triangle bd c, with two Obtuſe at h and c, and | 
one Acute Angle at d. | | 
38. In a Spherical Triangle, purely Obtuſe, there 
is an oppoſite Spherical Triangle, with 1wo Acute, 
and one Obtuſe Angle, and the contrary. 


As if the Angles at à and d are made or ſuppoſed 
to be obtuſe; To the Triangle, purely Obtuſe An- 1 


fled, b de, there is oppolite the Triangle 2 6 c, with 
wo Acute Angles at band c, and one Obtuſe at 4. 
39. The three Aneles of any Spherical Triangle, 
are greater than two Right Angles. 
Therefore the thing is otherwiſe than in Plane 
Triangles, in which the thrce Angles taken together, 
are equal to two right. | 


40. In Reffangled Spherical Triangles, the ſame 
having Acute Angles at the Baſes , Ibe Sines of.the 
tiypothenuſes, and of all the Perpendiculars, are 4 
tropertionals between themſelves. Fig. 81. ba. 

Let there be two Rectangle Sphærical Triangles, 
h and ae, in which the Hypochenuſes are 4 b, 
and a e, and the Perpendiculars Y c and e f, and the 
Baſes uc and 2 /; and the Angle at 4 common to 
both Baſes : I hy the Sines of the Hypothenuſes, ' 
and of the Perpendiculars, ate Proportionals berween 
themſelves, to wit, as the Sine of the Hy pothe- 

: | nuſe 


nf 
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muſe à b, to the Sine of the Perpendicular þ c : Sg 
is the Sine of the Hypothenuſe 4e, to the Sine of 


the P icular Fe. 

Perpendicular / Þ is the tne of the Hope 
the icular e /; 1o is the 
thenuſe « b, to the Perpendicular b c : And 2 the 


Perpendicular e f, to the Sine of the H enuſe 


ae ; io is the Perpendicular h c, to the Sine of the 
Hypothenuſe 4b. 


41. In Rettangled Spherical Triangles, having 
more Acute Angles than one at the ſame Baſes ; the 


'Sines of the Baſes, and all the Tangents of the Per. 


pendiculars, are Proportionals between themſelves . 
that ic, 


1. As the Sine of the 1 to the Tangent of 
the Perpendicular e f ; ſo the Sine of the Baſe 4c, 
to the Tangent of the Perpendicular h c. 

2. As the Sine of the Baſe «c, to the Tangent of 
the P icular hc: ſo the Sine of the Baſe a}, 


to the Tangent of the Perpendicular e f. 
3. As the Tangent of the Perpendicular e f, to 
the Sine of the Baſe «f ; ſo the Tangent of the 


Perpendicular h c, to the Sine of the Baſe « c. 


In all Spherical Triexgles, the Sines of the 


2. 
8 ides are dire t Proportionals to their oppoſite An- 
gles. 


Example. 


1. As the Sine of the Angle 4c b, To the Sine of 
the Side 4 b : 


So the Sine of the Angle « b c, To the Sine of 
the Side 4 c. 


2. As the Sine of the Side 2 b, To the Sine of 
the Angle ecb - | 


So the Sine of the Side--- « c, To the Sine of 
the Angle 4 b c. 


3. As 


T / ⅛ ¼ ER. 


* nene 1% 


;. As the Sine of the Angle «cb, To the Sine of 
de Side # ö. | 
So the Sine of the Angle b « c, To the Sine of 
the- Side b c. 
4 As the Sine of the Side - ö, To the Sine of 
the Angle ch: 
8o che Sine of the Side.-- bc, To the Sine of 
the Angle b 4 c. 


5. As the Sine of the Angle h « c, To the Sine of 


| the Side 6 c : 


So the Sine of the Ai od <; To the Sine of 
the Side 4 c. 


6. As the Sine of the Side - - b c, To the Sine of 


the Angle bac : 


So the Sine of the Side - -- 4c, To the Sine of 
the Angle 2 b c. 


Notwithſtanding here alſo we muſt attend to the 
Species or Kind = the Angle, whether it be Acute 


pad Since the Sine may be the ſame of 
bo 


3. In all Spherical Triangles, g 7 ides being 
* leſs than a Quadrant : If you firſt compound 
them between themſelves ; then the leſſer Side with 
the Complement of the greater ; and from, or to the 
Sine of the latter compounded Arch, you Subtraft the 
Sine of the Complement of the firſt compounded Arch, 
ar add the Sine of the Exceſs ;, It will lhe os the Ra- 
dius to the Half of the Right t Line made by that Sub- 
traction or Addition: So the Verſcd Sine of the An- 
gle comprehended by the ſaid two Sides, to a Right 
Line; which Subtrafted from the Sine of the laiter 
compounded Areb, leaves the Sine of the Complement 
7 the third Side : Or from which Subtracting the 

ine of the latter compounded Arch, it leaves the 


Sine of my Exceſs of the third Side. 
Example. 


* 
— © FREED 9 4 * 2 a — 


241 12 


1 » % 
— 


| 


An Angle given of 50* 4 The Radius 1000c0co, 
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—— | Example, Fig. 81. 25 
Given in the Triangle 6 « c, 
The Ac. Ang. a, ot 0% 4 and let itbe contained 
by the Side - 2-26 : 20 The ſame a8: 20 
And the Side c- 59 : $8 Its Comp. 30: 02 | 
* The Surm——?6 : 18 _—_ 56 : 22 Its Sine 8325991. 
Its Compl.— © : 42 Its — — — 64532 
; ; Subtracted, leaves 7680558 | 


bull 


Its Complement 39: 56 Its Sine 6418958. 
The Verſed Sine by SubtraCtion- - - 3581032. 


Having theſe, I ſay; 


As the Radius, To the Half : So the Verſed Sine. 
I ©Q20CO000. 3840334- 2581032. 


To the Right Line 1375239. This ſubtracted from the Sine of the 
latter comp. Arch 8325991. 

Leaves———— 6950752. The Sine of the Arch 440: 2“: 
whoſe Supplement 45* : 48", is in the aforeſaid Triavgle, the 
Arch or Side b Co : ; 


l, Sw aa _y —— 


0 | 
At Sign * If this Sum be greater than a Quad- 
rant, we mult take inſtead of it rhe Exceſs of the 


Complement, and the Sine of it muſt not be ſub- 
tracted but added. 


More Examples may be ſeen in Pitiſcuss Trigo 
nometry, from whence theſe were taken. 


44. The Sides of Spherical Triangles may be chan- 
ged into Angles, and the contrary : The Comple- 
ments io a Semicircle being taken on every fide for 
the greateſt Side and Angle. 


Trigo- 
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Trigonometrical Problems. 
Of the Conſtruition of Plane T riangles. 


Problem I. | 
Pon a Terminate Right Line groen, to make 

U Triangle. 13 we & gd 
2: Equilateral. Fig. 82. | 

From the two extream Points of the given Right 
Line, with the Interval of the given Line, deſcribe 
with the Compaſſes two occult ſmall Arches, cut- 
ting each other; from which Point of Section, Right 
Lines being drawn to the Extreams of the given 
Line, will make an Equilateral Triangle. 

2. An Tſoſceles, or one of Equal Legs. 3 

Tis made in the ſame manner, except only in 
deſcribing of the little Arches, we muſt take either 
a greater or leſſer Interval, than is the Right Line 
given, upon which the Triangle is to be made. 

3. A Scalere, or of various Sides. 

It will be made, if we take not only a greater or 
leſſer Interval than the given Line; but alſo in the 
deſcription of thoſe little Arches, you muſt alter the 
Compaſles, that ſo you may produce 3 unequal ,., __ 
vides, Fig: 83. &? F 

4. A Refangled Triangle. ; 

Will be made, if at the extream of the given line 
ac, you raiſe 25 icular, and join the Extream 
of this, with the of the given Line : Ot 
which hereafter. 


\ 0 
I. Of Finding of Angles in Plane Triangles. 

In any Triangle, beſides the Area, there are fix 
things: to wit, 3 Sides, and 3 Angles : from one 
or another of theſe 3 given, the reſt may be fond 

Vers 
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divers ways: only one Caſe excepted, that is, if 


s be given, for from theſe no Side can 
be found, becauſe 3 Angles of one Triangle may be 
equal to 3 Angles of another, although the Sides 
be altogether : Therefore how either the 
Angles or the Sides are to be found Artificially, we 
now declare. 


II. To find the Angles of any Triangle by Inflry- 
ments Mechanically, may be done 2 
1. By a Square, with which, if the Sides of the 
given agree, the Angle is a Right "et i 
they fall without the Square, the Angle is if 
ithin, Acute, by Theorem the 4th of Trigonometry, 
in Pag. 177. of this. | 
2. By a Meaſuring Rod or Rule, by meaſuring in 
the given Plane Angle, if it may be done, in one 
fide 3, in the other 4, either Feet or Inches: If the 
H enuſe contain 5, the given Angle is a Right 
Angle; if leſs than 5, tis Acute; if more, tis Ob- 
tuſe, by Theorem 21 of this. 
3. By a Quadrant, a Semicircle, an A ſtrolabe, a 
eometrical Quadrate, or the like Inflrament, ha- 
— the 3 — i . 
ights or ars, which not the 
kinds of the Angles is had, bur alſo their Meaſure, 
as in the deſcription of the Making and Uſe of ſuch 
Inftrument 


5 may be ſcen z concerning which, we ſhall 
ſay no mote here. | | 


III. In 4 Plane Triangle, from ene Angle given, 19 
find the Reſt, either ſingly, or the Sum of them. 


1. In a Reftangled Triangle, The Right Angle is 
known by it ſelf to conſiſt of 9o Degrees; the Sum 
of the reſt are as many Degrees, to wit, 90; ** 

0 


% 


f = 2 al; __ 
of w given, is alſo 
you Subtraft the given Angle from 90, by Theorem 
the 16th, and the foll 
2. In an Equitateral Triangle, which is alfo 
Equiangled, each of the Angles contains 60 De- 
grees ; for 60 multiplied by 3, is equal to 180. 
3. In an Jſaſcele, one of the Equal A 
given, the other is alſo given, the Complement 
— 2 * * foes wr he rote Re. third 
e e e ing 
tom of the fall lon. if y ou ſubtra ae, th 
— che half of which Sum depotes either of th 
Is off Triengles, one Angle hong ven.o 2 
we Triangle, the Sum of the Reſt 5 by 
you ſubtra rhe given and known from 
you take the Complement of the fame to Semi 
circle by Theorem the 16, of this. 300; 
IV. From two Sides of a Refangled Ry given, 
to find the two Acute Angles. 
For the declaration of this, and ſome of the fol- 
lowing Problems, we make uſe of the Reftangl 
Triangle cr b, in in Fig. 2, os ot EY mende 
in 4 Quadrants of a Circle, that it may more plain- 
Haff er how each Side may 5 for 
I 
And we have aſcribed to 4c the leſſer ſide 3. 
But to the greater———b c——- — 4. 
N And to the greateſt, or Hypothenuſe 4255. 
And the Ratio of finding the Angles is thus, as in 
8 Example. 
n The Angle at a tis ſought. | 
E I. From the Hypothenuſe given 4 b, o_ 
) e 


K \ 
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the fide b c, N 2 to the Angle ſought. Let ir 
be done in the firſt Circle. 


n a b5To =o Side bc SotheRad, ab 
7 Ioooco. 
To hat The Sine of the ** at a: whoſe Arch 
800008 53* : 8 is the Angle at 4 lought. 


2. From the H pothenuſe 4 b, and from the Side 


4 c, adjacent to Ae «, fo t. Make it in 
ae Grind Grete. * 


As the nue. To the Hypoth, «6; So the Rad. ac 
C 100000. 

To 4 ; The Secant of the Angle at 4, whoſe Arch 

16665 53: : 8, is the Angle at , ſought, 


2. From 2 Sides given, the Angle at « oppoſite 
to ha Side b c, may be found: It you make it in 
the ſecond Circle. 


As the Side « c To the Side b So «7 th nan 


3, 45. IOOOO. 


To he J The Tangent of the oppoſite Ang. to a, whoſe 
133333CArch 538 85 * e at 2 ſought. 


The Ratio is altogether the ſame, only changing, 
if the Angle at b be ſought : For, 


1. From the Hyportenuſe 4b, and the Side ac, let 


it be done in the — Circle, | 
AS r * the Side ac 2.50 the Rad. ab 


I COOCO, 


To ac cy The Sine of the Angle oppolite to h, whoſe 
60000t Arch 36“: 52, is che Angle at b, ſought. 


2. From the Hypothenuſe « U, and from the Side 


Ic, ler | it be in the third Circle, 
AS 


« 2 2 
C * 


les. 
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So the Rad. J c 
100000, 
The Secant of the Angle vo whoſe Arch 
goo 36527 is the Angle at b ſought. 


3. From two Sides, the Angle at b, oppoſite to 
te Side « c is found, Inn 


. Es So the Radius b c 
38 I COOOO, 

To 4c ang. of the Angle oppoſite to b, whoſe 

— Ran Angle at ö ſought. 


Triangle, two Sides being groen, with the 
oppoſite to one of the Sides, to find the 
ie ee zo the other Side, by Theor. 23. 


ag. 181. 


V. 455 
of this, at 


given 4 634, with the Angle oppoſite to it at c, 
which 1 23 ; Ufo there is given the Side 


bc 13 
For the 


Angle at 4: 


Angle at c 505 235 
86935. 
to the 
10 > fore 


© wemeſt mind, whe- 
Nor, Nee eng e? Since the Sine 
is the ſame of both: Therefore alſo the kind of the 


Angle ſought, ought to be known. 


V. In any Triangle, from two Sides given, and from 
an Tale contained by them : 75 find the other 
tuo Angles, by Then the 24h, Pag. * 


1 
4 
* 
5 
* 


In the Triangle abe in Fig. 85. From the Side 


3 
RETRY So the Sine of the 
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Ie Proveſs an thus. In Fig. 84- 
| In the Triangle 4 6 c. 

One fide given, is the greateſt, — « b—10. 

And ce oder fe given, i the ſer, 4—S. 
The Sum of the — — 16. 
The Difference of them is 
The Angle at à given, i— 53 57 
The Sum of the ——— 16: 52. 
Half the Sum of this ——— ——63 : 26. 
The Tangent of this Half ——— — 199986. 


Then make it : 
As the Sum of the ſides 3 To the Differ. of the ſame 
16, 43 
Sande” — des 8 
. Arch, _ 
or is 26 2 34 
Which Subtracted from the Half, makes 36“; 
52, v:2. the leſſer Angle at 6. 
The Addition of the fame, makes 90“; o, vis. 


the greater 2t c. | 
Hithertoof the Invention of Angles. nom follows, 


The Finding of the Sides of Plan 
TRIANGLES. 


VIL In 2 Right Angled Triangle, from two Sides gi- 
1 | ven, to find the third. Fig. 84. | 
28 1. If the ſides given be « c and hc, comprehend- 


N e, = the Hy pothenuſe 6 is ſought. 
r —— let à c be 6. * 


— 


1. Take 


d. 


ke 
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1. Take the of them 36 and d.. 
ret — 10, 
2, The Root of this Sum 


Is the third Side 4 ö, r 


* 2. If there be given the Hypothenuſe, with one of 


the ſides b c, and the fide « is ſought. 


Example. 


The Hypothenuſe 4 b 


With the fide b c — 8. 
of them 100 and 64. 


— — 36. 


Its Root © 3, is the Side ſought, 2 c. 


In the ſame manner alſo you may find the fide 5c. 
tom the Hypothenuſe, and from the fide ac. 


4 Crna —— 


VIIL Ir a Rectangle Triangle, given one Side and one 
Auge; To find the other Side. 


In Fg. 84. The fides of the Rectangle Triangle, 


3. 4. 5- Then, 
The Hypothenuſe 4 6 is had from the fide « c, 


ws Dom the Angle — to it; if you make 
it in the ſecond 


As the Radius ac = the Secant of the given 


Angle = 33” :-3 
1 166679. 


So the Side ac 10 the N ſought, 
5 

2. The ſame Hy 22 4 5 may be found from 
Pb Side 4 c, and the Angle oppoſite to it, at 
b in the fourth Circle, if you make it: 


As ac the Sine of the Angle 3 To the Radius à b, 


siven at 0 36“: 52 


59795. I SOOCO, 


O 2 
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So the Side given ac 4 the Hypothenuſe « b ſought, 
| | 3- 


3 


2. The Side 6 c is had from the Hypothenuſe « 


given, and from the Angle 4, oppolite to it, if you 
mike it in the firſt Circle. 
As the Rad. Te be 8 53˙:8 


I 00000, | 0003. 
So the Hypothenuſe « b "ion the Side bc 
55 4+ 


4. The ſame alſo may be had from the Hypothe- 
nuſe, and from the Angle b adjacent to it, if you 
make it in the third Circle: be . 

As the Secant 4 h of the (To the Radius bc 

Angle at b 36“: 52 


124995, I00000. 
So the Hypothenuſe 4 b F To the Side 6 c 
p 4 


5. Alfo either Side may be found, from one Side, 
and the Angle oppoſite to the ſame, if in the ſe- 
cond Circle you make it : | 
As the Tangent 6 c of the op- C To the Radius ac 

pohre Angle at 4 given 


133349, I 00000. 
So the Side l the Side fought 4c 
4 3. 


IX. Frou one Side given in any Plane Triangle, and 
from the two Angles oppoſite to the given, and 
the fought Side, To fad other of the other Sides, 
by Theorem 23, of Trigonometry, at Pag. 181. 


K * In Egg. 85. In the Triangle 4 b c, whoſe given Side 


is 46 34, the oppoſite Angle at c 60* : 23, the 
Angle at à oppoſite to the other ſought þ c 202: 10: 


it: | 
AS 
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As the Sine of the Ang. c,50® : 23 4To the Side @ b, 
86935, 34 

So the Sine of the Angle Y the Side ſought h c 


at 4, 20: 10, 
34475 13 + 


„KX. From three Sides known of any Plane Triangle, h 

| To find the Segment of the greateſt Side, or the — 
Baſes ; the Perpendicular falling from the great- 
eſt Angle on the Baſe. Fig. 86. 'S 3% 


» 1. If the P icular fall within the Triangle, 
which it doth in any Oxigonium; in Amblygoniums, 
and ReQtangled ones, tis drawn from the Right 
Angle, or the Obtuſe. 


The Proceſs is thus: 


5 UW 


1. Aſſume the greater fide h c 20. 
2. The leſſer ſide . —25——13. 


3. The Difference of both 
4. The Sum of the ſides— — 33. 
5. The Baſis, or the greateſt Side ac 21. 


Make it then by Theorem the 25th of Tri79n0- 
metry, at Pag. 182. | 


As = Baſe or 4 the Sum, of the ſidcs 


— 7. 


a c, 
21, 33. 
So the Difference go the Segment of the Baſc ge 
7 11. 
This ſubtracted from the Baſe 21, leaves c 12. 
„ @ formmmmeoo mmmmppmempmmm ©ngy, 
Is the Segment of the Baſe, which ſubrracted3 . 
from the whole Baſe a c ee 5 
Leaves the other Segment of the B31z 15 


O 3 2. K 
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2. If the Perpend 


In Fig. 20. In the Triangle & / m 


Aſſume the greater fide xæ( / ——4o, 


The lefler fide 71 — 16. 
The Difference of both —24, 
The Sum of the fides—— — ——56, 
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on the Baſe protrated, as happens in Anbligoniumt, 
it it be given from an Acute Angle: Proceed th 


us. 


2 n 


The Baſe, or greater fide 4 


Then make it: 


on | 
tracted in o, receiving the Ferpend. $32 


As the Baſe tm To the Sum of the fides 


32, 56. ; 
So the Difference c To the Segment of the 
Baſe protracted n 0 


24, 42. 


From hence, take away the Baſe K m —-32. 


It leaves mm 0 — 


Half of which Remainer n 


Is the Segment of the protracted Baſe, 


the Perpendicular / 7. 


— —_—_ —__ 


— 
2 


receiving 


And in this manner, by means of the Perpendicular, 
and of the Baſe, either True or Protratted, is now 
made a ReQtangle Triangle, from an Obliquangled 
Triangle: Whence by taking away what is to be 
taken away, you have the Quantity of the Side, and 
of the Angles unknown, in the given Obliquangled 


Triangle. 


Of Spherical Triangles. 
I. Some peculiar things reauilte to be Known in 
tie Solution of Spherical Triangles. 


1. A Rectangled Sphærical Triangle, with three 
Right Angles, wants no Solution, for the 3 Right 


Angles, 


. 
85 
5 


ars hab themſelves ; and the Baſes of 
them are Quadrants of a Circle. | 

2. Nor that which hath two Right Angles, for the 
Sides oppoſite to the Rectangles are Quadtants: 
The third Angle may be either Acute or Obruſe, 
the Meafure of which is the third Side, in ſome 
meaſure always 1 to it; and is greater than 
2 Quadrant, if it ſubtend an Obtuſe Angle, bur leſs, 
if an Acute: Therefore whether this be a third An- 
gle or a third Side, tis given, for both are under- 
ſtood to be given, ſince this third Side is no other 
than the Meaſure of the Angle. 

3. For a Rectangle Triangle, with two Obtuſe 
Angles, * muſt Solve the Triangle oppoſite to the 
Rectangle, with two Acute Angles : For from auy 
three given, in either of theſe Triangles, you cannot 
be ignorant of thoſe in the other, fince the parrs of 


one Triangle, are the Complements of the Parrs of 
the other, to a Semicircle. a | 


4. For a Rectangle Triangle, with an Obtuſe and 
an Acute you muſt Solve a leſs Rectangle 
Triangle, oppohte to the Acute Angle, which hath 
two Acute Angles ; and whatſoever they are in ei- 
ther of thoſe given, in the other you mult nee1s 
know, for the oppoſite Angles are equal, and the acu e 
Angle is the Complement of the Obtuſe to two Right 


Semicircle: As for Example. 
If there be given to be Solved, the Rectangle Triangle h 4 in 


Fig. 80, being Reftangled at d, Obtuſe angled at 6 and « ; for it + 


we muft Solve the Triangle 4 bc, oppoſite to the given, from the 
Angle d, in which the Angles at à and d are equal: The Sides 
4 b and ac, are the Complements of the Sides b % and c d, to 4 


 Semicircle : And the Obtuſe Angles at 6 and c, are the Coinple- 


ments of the Acute Angles at 6 and e: Therefore whatſoever 
Three are given in the Triangle 6d c, they Three will likes ite 
be given in the Triangle a b c. But if we are offered a 8etaa- 
gle Triangle c ed, to be Solved, which is Right Angled at 4, 

O4 Oele 


Angles ; moreover the Sides are Complements to a 
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Obtuſe at e, and Acute at cy for it, we muſt Solve the Triangle 
e d f, oppoſite to the Triangle e c d, from the Acute Angle c. 


5. There remains then to be Solved in ReQangled 
Triangles only, that which hath a Right Angle with 
two Acute Angles, whoſe Solution follows. 


XII. To Reſolve 4 Reftangled Spherical Triangle gi- 
ven, with two Acute Angles. 


1. The Angles are to be found. 


1. From the Baſe of the Right e, or H 
thenuſe; and from the Side n to the 
Angle fought : Make it thus, 

As the Radius to the Tangent of the Complement 
of the Baſe : So the Tangent of the Leg given, to 
the Sine of the Complement of the Angle fought : 


p For Example. | 
H. In Fig. 89, In the Rectangle Triangle 2 6 c, the 
Angle at c is ſought. 


There is given the Baſe 2  ————— 30“: 9 
Its Complement is — _ ——_ : 5 
The Tangent of this Complement is—172162,A. 
The Leg adjacent to the Ang. ſought, bc 11“: 34 
Its Tangent — —— 20466, B. 


Make it then. 


As the Radius I ro the Tangent 41 ⁰ the Tang. B. 
Ioocco, 172162. 20466. 


To the Sine of the c Whoſe Complement 69® : 22 
Angle 20? : 38 5 ä 
35238, Is the Angle at c ſought. 
2. From 


ſought : 


Example. 
Ler's ſeek the Angle at a, in Fig. 89: 
Let the Baſe given be 4 3 
Its Sine — - — 50227, A. 


The Leg c b oppoſite to the Angle a—11 : 34 
The Secant of the Complement of it 498733, B. 


Make it then, 
As the Radius To the Sine F Ces Secant of the 


Complement B. 
Iooooo, 50227: 498733. 


To the Secant of the So Complement of which 


Angle 66* : 28' 2 23* : 32, is the Angle 4 
250498, C ſought. 


3. From the Baſe, and from one Angle. 
Make it, As the Radius, to the Sine Complement 
of the Baſe ; ſo the Tangent of the given Angle, 
: - Tangent of the Complement of the Angle 
ought : 


Example. 


The Angle at c 7s ſought. | 
There is given the Baſe a c — 30%: 9, 
Its Complement is — —59 : 5 | 
The Sine of this Complement is —— 86471, A. 
The Angle at « ts : 32 
Its Tangent 43350, B. 


— 
* 


7 


* 
\ s Make 
— —— 
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Make it then : 

As the Radius s To the Sine A, So the 
100000 © 


Tangent B. 
$6471 : 3 43550. 


To the Tang, $ Whole Arch is 20“: 38 
37658. Its Compl. the Ang. fought 69 : 22 


4. From both Legs of the Right Angle. 
Make it, As the Radius, to the Sine of the 
adjacent to the Angle ſought : So the Tangent of 
the 


ement of the other Leg, to the Tangenr 
of the Complement of the Angle fought. 


For Example, we will ſeek the Angle at c. 
And let the given Leg be bc, adjoining toit,11* : 34 
The Sine of it —— 2005 1, A. 
The other Leg 4 — 28˙: 2 
Its Complement 


— — . CET 61 2 58˙ 
The Tangent of this Complement is—— 187809, B. 


Make it then : 


As the Radius g To the Sine A, So the Tangent B, 
Iooooo, 20051; F 187809. 


To the T Whoſe Arch — 20 : 38, 
| ei. 3 
37657, 5 Angle ſought 55 22 


5. From an Angle, and from either Leg oppoſite 
to the Angle ſought. : , wm 


e it, As the Radius, to the Sine of the Angle 
fre! : So the Sine of the 2 of the given 


to the Sine of the Complement of the Angle 
ſought. 


Example. 


The Angle at a i ſought. 


And let the given Angle at c, be 69: 22 
Its Sine — 93585, A. 


The Leg oppoſite to theAng. ſought b c,11 : 34, 
is 
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Its Complement — —78˙ : 26. 
— n 


The Sine of it 
| Say then : 

As — the Sine A? So the Sine B, 
I00000, 935853 97969. 


To the Sine g Whoſe Angle i—— —66* : 28' 
91684. Its Compl. the Angle ſought 23 : 32 


gle ſought. Fig. 89. — 
Make it As the Radius, to the Secant of the gi- 
ven Leg ; So the Sine of the Complement of the An- 
gle given, to the Sine of the Angle ſought. 


Example. 
The Angle at c is ſought. 

Let the Leg adj t be -11* : 34 
1 
e given at — 23: 32 
Its Complement— —— 6 : 28 
The Sine of this Complement — ——91683, Bl. 


- Say then : 
As the Radius To the Secant AY So the Sine B, 


I 00000, 102073; 91683. 


To the Sine F Whoſe Angle iS—— ——69 : 22. 


93583, The Angle ſought at c. 


II. To Find the Baſe. 


I. From either Leg groen, antl from an Angle ad- 
jacent to it. 


Make it, As the Radius, to the Sine.of the Com- 


plement of the Angle given; ſo the Tangent of the 
Þ | : Complemear 


6. From one Angle, and a Leg adjacent to the Au- 


ement of the given Leg, to the Tangent of 
Sol | 
Example. | 
The Baſe ac ic ſought. 


The Angle given at 4 iS——_——3 : 32 
Its — — 66 : 28 


The Leg ad — 5 - py 

acent to egivenab 28: 2. 

Its — ——61 : 58 
The Tangent of this——— —— ——187829, B. 

Say then: 
As the Radius To the Sine A $50 the Tangent, B. 
Iooooo, 91683; 187809. 

To the Tangent S Whoſe Arch is-=————59 : 51. 
172190, Its Compl. the Baſe ſought 30: og. 


2. From a Leg given, and from an Angle oppoſite 
to this Leg. 

Make it, As the Radius, to the Secant of the 
Complement of the Angle given; ſo the Sine of the 
Leg given, to the Sine of the Baſe ſought. 


For Eample. 
Let's again ſeek the Baſe a c. 

And the Angle given at à iS— ——23* : 32' 
1 
nt of this Com —2 

The oppoſite Leg b c — I 7 "— 
Its Sine —— —— —— 2 — 20051, B 


Say then : 
As the Radius] To the Secant 4 So the Sine B. 
I00000, 250449 3 20051. 


To the Sine FWhoſe Arch 30%: 9', is the Baſe 
50217, T ſought. 9 


3. Fron 


55 Triangles. 205 

| 3. From both Legs given. 885 
Make it, As the Radius, to the Secant of either 
Leg; . to the Secant 


of che Baſe. = 
The Boſe a © is ſanghe in Fig 89. 99 | 
And the Leg given is # 6 ———— 28%: 2 JS: 
Its Secant &——— — —113292, A. 
The other Leg c b II: 34 
And its Scan. — — 102073, 
Make it then: 
. To the Secant A $So the Secant B. 
| 1132923 102073. 
W Whoſe Sine 30* ; 09 


2 1156409, Is the Baſe ſought. 


4. From both of the Acute Angles given. 


Make it, As che Radius, to the Tangent of the 
Com —— former Angle: 1o the Tangent 
of ths Cronglonmns of the Laine, to the Line of the 
Complement of the Baſe. | 

le. 


Examp 
Lefr's ſeek the given Baſe a c. 
The Angle e given han former at c is 69* : 


Its Complement — —20 1 
The T 7 — -—37654, 4. 
e of the latter at a is ——23 : 32. 
Its Complement is ——— 66 : 28. 


The Tangent of it———- 229619, B. 
Say then, | 
AS Re Radingg To the Tangent A pSo the Tang. B. 
100000, 376543 229619. 


To 
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To the Sine , Whoſe Arch is — 59*: 51 
86460, YAndits Comp. the Baſe ſought, 30 : 09 


* 


III. The Sides are found. 


1. From the Baſe given, and an 
„ 
to the Sine of the Baſe; ſo the Sine of the Angle 
given, to the Sine of the Leg ſought. 


Example. 


9 | p Ler's ſeek the Leg be in Fig. 89. 


The Baſe a c ———————>—30* : 09 

Its Sine is. —$0227, 4. 
The Angle given at a—————23 : 32 
Its Sine —— — ——39928, B. 


Say then : 
4s the Radins To the Sine Ay $0 the Sine B. 
Ioo0000, 50227; 39928. 

To the Sine 5 Whoſe Arch 11” : 24 


20064, T Is the Leg ſought b c. 


2. From the Baſe, and from an Angle 4 10145 
or adjacent to the Leg ſought : 22 it, WY 
Kr 

e Angle given; ſo the Tangent of th to t 
Tangent of the Leg ſought. 

Exainple. 
Toker cb > ſought. 

The given Angle at a is — — 7 325 

Its Complement is ————— 66: 28. 

The Sine of this is ———————61683, A. 

The Baſe 2 c i.. ——30* ; O09 

Irs Tangent is — — 

y 


„ 


of has 7 . 
As the Radius c To the Stet 426 the Tangent B. 
1 00000, 91683 3 58084. 
To the Tangent ¶Whoſe Arch 28: 2 
355233, Is the Leg ſought, @ 6. 


3. From the Baſe, and either of the Legs - © 
 Makeit, As the Radius, to the Secant of the Leg 
given; ſo the Sine of the Complement of the Baſe, 
to the Sine of the Complement of the Leg ſought. 


Example. | 
Let's ſeek the ſame Leg a b. 
Given the Leg bc ———————1n*: 34 
Its Secant is —— — — 102072, A. 
And the Baſe « c— w— : 
Its Complement — —— ——959 : 51 
The Sine of this is — —— —— 86471, B. 


Say then : 
As the Radius 5 To the Secant A, So the Sine B. 
Iooooo. 2 102073; 86471. 


To the Sine oſe Arch iS— — — 61“: 58 
88263, {qanditsCompl. is the Leg, ab 28 : 02 


, 17 — one Leg, and an Angle adjacent to the 
g. 
e u. As the Radius, to the Tangent of the 


f 
e WW Complement of the Angle given; ſo the Tangent 
of the given Leg, to the Sine of the Leg ſought. 
Example. 
I The Leg a b zs ſought. 
From the adjacent Angle given at 4 23* : 32 
The Complement of which is — —46 : 28. 
. The Tangent of this is. — 229619, 4. 


there is given alſo the Leg b c—11 : 34. 
Tangent of it is — —— — — 20466, B. 


Say 
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Say then : 
As the Radius c To the Tangent A 7 So the Tang. B. 
100000, 3 2296193 5 20466. 
To the Sine 5 Whoſe Arch — —— 28%: 2 


46993, © Is the Leg ſought, 26. 


5. either of the Legs, and from an Angle 
. the Leg ſought : 8 
Make it, As the Radius, to the Sine of the Leg 
iven ; ſo the Tangent of the Angle given, to the 
angent of the Leg ſought. 
. Exampl, 
The Leg be 


e. 
is ſought, 
And let the Leg given be 4 b ——— 28%; 2 
And the Sine of it —— — —— ——46999, 4. 
The Ang. at a oppoſite to the Leg ſought 23: 32 
And the Tangent ow _ — 50. 
As the 8 To the Sine 4, So the Tangent B. 
109000, 9993 43550. | 
To the Tagen? hoſe Arch ——11“ : 34. 
20468, ls the Leg ſought. | 


6. From both the Acute Anglee. 
Make it, As the Radius, to the Secant of the 
8 of the Angle given, adjacent to the 
Leg ſought; ſo the Sine of the Complement of the 
other Angle given, to the Sine of the Leg ſought. 


The ſane Ig ut . farb 

ame Leg b C is ſought | 
Let the Ang. given, being adjacent at c be 69? : 22' 
Its Complement iS———————20 : 38 
And the Secant of it is —TI06854, 4. 
The other Angle at 4 iS———— 23 : 32 


The Complement of which is —— —66 : 28 
And the Sine of this Complement nnn. 
1 ay 


Ss poo By ous 


k 


x 
8 
A. 
2 
8 
B. 


I 
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Say then: 
As the Radius ðꝭ To the Secant A? So the Sine B, 
120000, 106854. 91583. 


To the Sine 5 Whoſe Arch is 78* : 28 
97969, And its Compl. x1 : 34 the Leg ſought. 


And there are yet more ways of finding all theſe 
things hitherto ſought, which you may ſee in AMeti- 
ws, or in Bonaventura Cavallerius his Directory, or 
in his Trigonometry; and others: But theſe ſeem to 
us to be ſufficient in this place. 


XIII. To Solve an Oblique Spherical Triangle 
giuen. ; 


Oblique Angled Sphærical Triangles may be Sol- 
ved by reducing them to 3 by letting fall 
a Perpendicular Arch from the Vertex of the Tri- 
angle on the oppoſite and ſubjected Baſe: And this 
perpendicular Arch either fills within or withour 
the Triangle, to wit, at the continued part of the 
Bate, making the Oblique Angled Triangle into two 
Rectangled Triangles : Whence Noting and Percet- 
dung the Solution of Rectangled Triangles, you can- 
mt be ignorant of the Solution of Oblique- 
angled ones; for by Addition and Subtraction you 
may eafily find whatſoever you defire in adjoined 
Obliqueangles, eſpecially if you continue each fide 
to Quadrants, (and that at once or twice, it one 
continuation doth not ſuffice ) and the whole Fi- 


gure be incloſed by a Quadrant; Where at length 


the Proportion will be found in the Complements 
of the given, and the ſought. 


Example, Fig. 90. | 
. There is given the Oblique Triangle a b c, and 


2 Il. 
P 1. The 


— 
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1. The Angle at  —————23*: 32' 
2. The Angle at b —————56 : 07 
3. The Side a b — 15 : 56 


To find the + 
Let fall from the Angle at h, a —_— Arch, 
which let be h d, forming the R le Triangle 
b d a, containing within it another leſſer b dc. { 


255 1. For finding the Leg b d, ſay : 
As the Radius$To the Sine of the Side a0 15*: 36 i 
Io o. - 27452. 6 
So the Sine of the Angle at a 23* : 32, 39928 ; 
To the Sine p Whoſe Arch — 6 : 18, is the 
10951, Leg b d. 
By Problem 12, Member 3. Num. 1. in Pag. 206. 


2. For the Leg a 
Tony rag, 
o the Sine of the Complement of the 
hens 0: — 91683; 
the Tangent of the Side a b 155: 56 28549, 
To the Tangent— —— 6174 
Whoſe Arch 14* : 20' is the Leg ad ſought : By 
the ſame at Number 2. 


3. For the Angle a bd, ſay, 
5 the — bag wr — 7 100000, 
o the Sine of the plement of {« 
the Side ab 74* : 4 —— —— $—96158. 
So the Tang. of the Angle at « 23* : 32, 43550. 

To the Tangent. 4187s. 

Whoſe Arch is 22“: 43, and its Complement 
67* : 17 the Angle a bd ſought. 

By Prob. 12, *Memb. 1, Numb. 2, in Pag. 201. WW x 
L 37 4. For the Axgle cb d, in Fig. 90. 
3 From the Angle found 4 0 d . 
1 Take away the Angle given, 32660 — 56: 07. 
5 It leaves the Angle c þ 4 —— ——11 : 8 
5. Lor 


x l 


5 
« 
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5. For the Side c b, the Baſe of the Right Angle 
a d, Jay: _ 


As the Radliis ——— —-— —— 100000, 
To the Sine of the Complement 7 98107 
7 


* le cb d, ere 
nt ement 
the ng 3 42,.— — 95 05789 
To the Tang _ — 888642 
Whoſe Arch is 83* : 35 , and its Compl. 6* : 255 
is the Baſe c þ ſought : By Probl. 11, Memb. 2, 
Numb. 1, in Pag. 199. 


6. For the Leg c d, ſay : 


As the Radius . 100000, 

To the Sine of the Leg ö d, 6“: 18' 10974, 

So the Tang of the Ang. c bd. 11 : 10 19740, 

To the CURR momma —— 2166. 

Whoſe Arch is 1: 14 and the Leg ſought c d. 
By Problem 12, Memb. 3, Numb. 5, Fag. 208. 


y 
7. For the Side ac. 
2 42 4 — — 147: 
Take the Leg found c d ———o1 : T2 
It leaves Leg or Side ac 13 : 26. 


8. Fur the Angle dc b, ſay, in Fig. 99. 


-nt As the Radius — £ 00000; 
To the Side b d, the Sine of thoCom- 


plement 83® : 42 — 99296, 
So the Sine of the Angle c b 4 I11*: 10. 19366, 
To the Sine——- — — — 249 


d Whoſe Arch is 117: 6', but the Complement 
75: 54, the APLNEY, | 


2 2 9. For 
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9. For the Angle a c b. 


From the two 1 les ——— 179“: 60' 


Take away the A ch — — 78 : 54, 
It leaves the ach 101 : os, 


Therefore in the Oblique Angled Triangle ab c, 
There is given, 


The Angle c 26 — 23*: 327 
The Angle ab c ——56 : o7. 


The Side - - a b I5 : 56. 

There is found by the Perpendicular, . 
The Angle 2 cb — 101*: O8 | 
The Side - 4c. ——— 13 : 26. fre 
The Side -c 6 6 : 25. ab 


You may alſo = hs fsb 
_ Dn ue Angled Triangles ; which often Uſe 
— 3 will teach. 
4115 you may uſe the Artificial Sines, Tangents, 
and Secants, if you pleaſe, inſtead CF y the — 
ones, which will ſhorten the Operations. 


. | 
The End of the Third Part. 


OF ha 


er; 


WS - 
GEOMETRY. 
PART IV. 
of Meaſuring the Length of Right Lines. 


THEOREMS. 


There cannot be given a Line fireighter than 


a Right Line, . 

For a Right Line is like to it ſelf every where, 
from which if it err the breadth of an hair, it is not 
aRight Line. 

2. If a line be a Right Line, it will be alſo the 
ſtorteft between the ſame Terms. : 

Hence tis faid, Nature acts by Right Lines, which 
doth nothing that tends to long Circumſtances,which 
may be done by a nearer way. | 

3. Iwo Right Lincs do not contain a Space, nor 
conſtitute a Figure. | 

For if two Kight Lines grow cloſer to each other 
on one part, they always grow farther and farther 
alunder, (it they are produced) on the other part; 
nor will they ever Terminate, unleſs ſome third line 
be Joined, whence ir will be a Triangular Space, 
which is the firſt of all Right Line Figures. 


4. Iwo Right Lines have not one and the ſame 


Common Segment. NET 
It muſt be underſtood of two divers Right Lines, 
and not of them which are ſo Joined, that they con- 
ſtitute one and the fame Right Line: For theſe m iy 
have a common 3 but being divers, they have 
3 not 


* 
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not a common part, beſides one point in which they 
convene or meet. iy 1 
5. Two Right Lines meeting in one point, if both 
ere produced, they muft needs cut each other matial- 
Yin . | R 3 
For unleſs it be ſo, they would run together into 
one line, and have a common Segment, and would 
not be any more two, but one Right Line. 


— — —  —c_—D — A... 4 pump —— — 


PROBLEMS. 


J. T cut a Right Line given in the middle, that is, 


into two equal parts. Fig. 91. 

From the two Extreams of the given line 4 and 6, 
with the Compaſſes at any —_— exceeding 
half of the given line, deſcribe two Arches, cutting 
each other mutually above and beneath, or on ane part 
of theline only, but with divers opening of the Com- 
palles, as in the lines ab, and b c. 

AR ight Line drawn thro” the points of Interſection 
of theſe Arches, will cut the given line in the middle. 


II. From 4 Point given, to raiſe 4 Perpendiculer 


Line. 


1. From the Point f or g, of the given Right Line 
4 b, or b c, at which point the P icular is to be 
drawn, cut off with the Compaſſes, equal parts an 
both ſides, to wit, f a, and f b, or g h and go, 

2. From the points of Section 2 and b, or b and c, 
letcribe little Arches cutting each other, as you ce 
in de and b. | 

3. Join the point of Section of the Arches d or V, 
with rhe given point F ar g, to which the Perpen- 
dicufar is to be drawn, and you will have a Perpen- 
Ucular to the given paint. | MT. 1 


tl 
at 
Pi 
hi 
t 
a 
\ 


Of Riche Lines. © 21 


ry, then draw a line to the contact of the Fe- 
ripheries, and it will be a Parallel to the given line. 


-IV. To find a third Proportional, to two Right Lines "ll 
groen. Fig. 76. | 7Z/ | 
Let the two given lines be ae and h e, to which a 
third Proportional is to he found : 
1. Join the two given Rats 4 e, and 6 e, at a Right Angle a e 5, 
and let e a be the Antecedent, which continue from the part e. 
2. Then join the Right Line 4b, to which, from 6 let fall the 
Perpendicular 6 c, making a Right Angle at 5, with & 6, it will 
happen on the conti line of a e inc; then ec will be the 15 
third Proportional line ſought, to the two given lines a e and b e, a 
and it will be, As 4e tobe; S0 be to ee. | 
k 
x 
f 


| 0 

WM. To draw a Parallel to a Diftance given, of 4 9 
: Right Line given. Fig. 92. "I 7 2 I 
In the line given aſſume rwo points, ſomewhat re- 1 
mote from one another: from which, with the In- 4 
terval of the given diſtance, with the ſame opening p 
of the Compaſſes, deſcribe two parts of a Periphe- by 

i 


V. To find a part Proportional to three Right Lines » 
groen. Fig. 72. | | ”M 
The three given lines are 2e, ec, and ad, to # 

which a fourth Proportional is to be found. 


1. Make cne line ac, of ae and ec, and let 4 d be appointed [ 
at any Angle. | 


2. Join de, to which from e draw the Parallel 6 c, interſecting 
the Right Line a d, prolonged in 6 ; and &6 will be the fourth 
Proportional ; And it will be, As 4 e, toe c: So 4 4, to 4b. 


VI. To find a mean Proportional to two Right Lines 
groen. Fig. 5%. - | 
two lines are dc and ch, between which a 
mean Proportional is to be found. 
Is e the two lines given in one Right Line 4 5. 
2. From the middle point «, as a'Center, deſcribe the half 
Periphery d g ö, whoſe Diameter is 4b. 
3 . Frome to «6, raiſe the Perpendicular c g, cutting the pe- 
rphery wll and e g will be x mean Proportional between the 
lines dc and c : That is, As dc, toagz So c g, to cb. 


P 4 VII. To 


. 
. 
. R F - 
a * 
2 
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VII. To find two mean Proportionals to two Right 
Lines given. Fig. 93. 
4b and ac are wining Lines, between which 
we are to find two mean Proportionals. 

1. From aband ac make a Rectangle Quadran- 
gle, ab c d, draw the Diagonals ad and bc, cutting 
each other in the Center e. 

2. Transfer the Right Line a6, into the Right 
Line a c, continued beyond the Quadrangle, which 


let be af ; alſo continue « b towards h, as far as 
needs. 


3. Join the points f and b, by drawing the Right 
Line f 6, from which take away the Diagonal 2 
from þb even to g, but the remainer gf take in /, 
to wit, from c even to o. | 

4. From o in the ſame line af continued, aſſume 
again the Right Line a c, which let be o i. 

F. If you draw a Right Line from 7 through d, it 
will cut the line ab continued in h; and z and h will 
be points equid iſtant from e, the Center of the 
Rectangle Quadrangle : Whence the Right Line þ þ 
will be the ſecond, and c 7 the third Proportional, 
between the given lines ac and ab : And it will be 
As 2c the leſſer, to h h; ſo the ſame h h, toc i; and 
ci, to the greater 4 6. 


VIII. To meaſure the Altitude of any line, being Per- 


pendicular ſo the Horizon, 


Such are the Altitudes of Walls, of Towers, of 
Houſes, and of other Ereft things; for the meaſu- 
ring of which there are divers ways. 

1. By a Looking-elaſs, Mirror, or Speculum. 
1. The Looking-glafs, or Mirror, muſt be placed on the Plane af 
the Horizon, over againſt the acceſſible line to be meatured. 
2. To this the Mcaſurer goes backwards and forwards, until he 


eſpics the Top of the line to be meaſured in the Looking-glls 3 


which being done: 5 
As the Diſtance between the Meaſurer and the Looking-gl fs, 
to the Height of the Meaſurer Erect, from his Eye to his Foot: 0 
| | 10 


0¹ 
V 
tt 
by 
a 


| 
( 
| 
4 
{ 
| 


© 


is the Diſtance between the i b arid the Line to be 


meaſured, to the Altitude of the med Hae 3 which propot- 


tion is found by the Golden Rule of Proportion. 


2. By a Shadow. 

1. The Sun ſhining, Erect a Rod or Rule of certain known feet, 
on ſome Plane. ; 

2. In the ſame meaſure of Feet, take the length of the ſhadow 
which the Rod or Rule caſts. 

3. Likewiſe in the ſame Moment of Time, take the length of 
the ſhadow caſt by the Altitude of the Thing to be me : 
Then, 

As the ſhadow of the Rod, to the Rod : So the ſhadow of the 
Thing to be meaſured, to the height of the ſame. 


3. By any Rod or Ruler whatſoever, 


1. Ere& the Meaſuring Rod of a known length, on a Plane 
over againſt the Thing to be meaſured. | 

2. The Meaſurer muſt go backward from the Rod, until the 
Viſive Ray, from the Eye of the Meaſurer, extend by the Top of 
the Rod, to the Top of the Thing to be meaſured. 

3. Meaſure one and the ſame meaſure of Space, on both ſides 
between the Meaſurer and the Rod, and between the Meaſurer 
and the thing to be meaſured ; Then : K 

As the Diſtance between the Eye of the Meaſurer and the Rod, 
to the length of the Rod ; | 

So alſo is the Diſtance between the Eye of the Meaſurer, and 
the Thing to be meaſured, To the Altitude of as Thing to be 


Meaſured. 

NOTE, 

The thing is the ſame, if ro the thing it ſelf to 
be meaſured, you Erect Perpendicularly, a Perpendi- 
cular on a. Plane, that the ſubjected point may be 
approached unto, and the Meaturer lying down on 
the ground, muſt look by the Extrezm ot the Rod: 


And if he ſtands erect, he muſt take only that length of 


the Rod which appears above the Eye: Or theDifter- 
ence between the Rod and the Stature of the Meaſurer, 


from his Eye to his Foot: And the Operation being 


done, to the Altitude found he mult add the height 
ot the Meaſurer, from his Eye to his Foot: Which 
Obſervation takes place, not only in this, but alſo 
in che following ways of Meaſuring. 


＋ 
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The Trigonometrical way by the Canon of Sines, 


and indeed, 
1. From one Ro if we may approach to the 
thing to be meaſured. Fig. 94. 


e Tower to be meaſured is bc, diſtant from the 
Meaſurer 2co Feet. 


1. Take by a Quadrant, or ſuch Iike Inſtrument, 
the Angles at b and 2, one of which being given, the 
other is given alſo, if we Subtract the given Angle 
7 90: And let the Angle at @ be 29“: 40, at 

60* : 20, 

2. Make it, As the Radius 100000, to the Tan- 
gent of the Angle at « 569620 : So the Diſtance ze, 
or dc 200 Feet; to the Altitude of the Tower b e, 
Feet 113 ,,: To which, if you add ec, or ad, 
the height of the Meaſurers Eye, you will have the 
whole height Y c. | | 


2. From two Stations, if the thing to be meaſured 


be anacceſſable, Fig. 95. 


Let the ſame Tower b c be to be meaſured from 
the fiſt Station d, and the other , 


1. In the firſt Station d, take the Angle 4 b e 44“, 
whoſe Tangent ae is 96569. | 
2. In the ſecond Station f, find the Angle g b e, 
60* : 25 ; whoſe Tangent g e iS— 175556. 
2. Take alſo the Diftance between the firſt and 
ſecond Station d f, which let be Feet 90. 8 
4. From the greater Tangent g e — 175556. 
Take away the leſſer 2 e — 96569. 
The Difference of them is g a=—— 78987. 
5. Hence I collect the Diſtance unknown between 
the firſt Station, and the Tower, thus: 


As the Difference of the Tangents g « 78587 : To the leſs 


Tangent ae 98 569. 6 
So the Diſtance of the two Stations known, g 4 90 Feet, To the 
Diſtance a e of the firſt Station, and of the Tower unknown 


ge 110 Feet. 
6. Theſe 


Ld 
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64. Theſe 


two Diſtances, 90 and 110 Feet, I join; 
ſo that the whole Diſtance from the ſecond Station 
40 the Tower, is made 200 Feet. 
7. Then fay at laſt. 
As the greater Tangent g e——-— 175556, 
To the Radius ————Þb e-———100209. 
So the whole Diſtance - g e Feet 200. 


the Eye, 6 113 Proppn 
To which add ec, or the Stature ofthe Meaſurer, 
from the Eye, g f. | 


To the Altitude of the Tower — 


N. Given the Diſtance between the Eye, and fene 
Line erefted Perpendicularly, Io find the Hy- 
Pot benuſe . 
In the Station a, let the Hypothenuſe to be fourd be « 6. 
1. Obſerve the Angle at the Eye of che Meaſurer 4. 


Which is in Fig. 94. 29˙: 49. 
Whoſe Secant is 4 b ——— 115085, 
2. The Diſtance given à e is Feet —— 200c. 


» Say then: | 
As the Radius ae 100000, to the Secant 25 
115085, of the Angle at @ 29“: 40. 
So the Diſtance a e 200 Feet; To the Hypothe- 
nuſe a b 230 Tote 
( Theſe Hyporhenuſes ſhew the lengths of Lad- 
ders to be uſed to Walls or Towers.) 


X. To meaſure @ Line beſore ws, projeffed on a 
- Plane. Fig. 72. 
Among divers ways this is one: 
I. The line to be meaſured is e 2 : Then ſanding 
in one of irs Extreams e, leave there a ſign; advance 
in a Right Line, and at Right Angles, to ſome cer- 
* Diſtance in d, and there again put ſome fign 


2. This 


| 8 j _ pendicularly from the Eye. Fig. 19. 


2 ay 
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2. This being done, Repeat the firſt Station at e, 


and from its Sign, go backwards to ſome longer di- 
ſtance, yet ſo that yon always remain in the ſame 
meaſured line 2 ; and there likewiſe place a third 
ſign c, and meaſure the Diſtance between c and e. 

3. Then again turn your ſelf from c, accordi 
to the line ae c, at a right Angle, and go — 
until the ſign placed at d, incur between thy ſight, 
and the extream of the line to be meaſured 2. 

4- That will happen at 6 - Then take away the 
Interval d e from the Interval 6 c, that the difference 
F may be had, | 95 


Then ſay: 5 
As fb, the difference of the Intervals h c And de, 
to the Interval ce, or d f. 
So de is to e a, the line to be meaſured. 


NOTE: | 

If de be ſome Staff erected of a known length: 
b c the height of the Meaſurer, from Eye to Foot; 
b, the ditterence between the Staff, and the height 
ot the Meaſurer, from his Eye; c e, the liftance be 
tween the Staff and the Meaſurer, the thing will be 
performed the fame way. 

O R, 

If in de you ereft a Rod or Staff from d, and 
take the Angle at a, you may make it, 

As the Tangent of the Angle d a e, to Radius: 

So the length of the Rod de, to the line to be 

meaſured a c. 

( In this manner the diſtances of Ditches, and of 
_ Rivers : Likewiſe the diſtances of the Poſition of 
things to be looked at, may be meaſured. ) 


XI. To meaſure a Line declining downwards Per- 


> A880 2 5 RAS 


1 


/ The line hc is to be meaſured, by the Eye conſti- 
tuted at , talling downwards Perpendicularly. = 
; I. Note 


of Right Liss. 221 
1. Note the diftance of the point «, from the 
c 
1 - 
2. Look from the 
glebac: Then it w 
As the Radius, to the Tangent of the Angle h ac : 
So the diſtance à c, to the line to be meaſured 6 c. 
By this Artifice may be meaſured the Depth of Wells, in which 
Ae ü onde ng ey, Jet at the bottom; which may 
But theſe, and ſuch like, which inſtruct to the 
meaſuring of things, are not learned rightly, but by 
daily uſe and exerciſe, and by the right handling of 
Inſtruments, eſpecially the Geometrical and Aſtro- 
nomical Quadrants, of whoſe make and uſe ſeveral 
have writ ; which the ſtudious in the Mathematicks 
ought not to want, for by this Inſtrument Angles 
are found; which if we have, with one thing or o- 
= given, and a Canon of Sines, there is nothing 
O 0 


ok to a c, and take the An- 


ac 
be 


but we may meaſure. . 


GEOMETRY. 


PART V. 
Of the Dimenſion of. P lanes. * 


THEOREM S. 


I T HE number ſhews the order of right line Fi- 
gures, as well of the Sides, as of the Angles, 

by taking awa wy 10. 
So a Triangle is the firſt of rig*t line Figures, con- 
raining 


— — 


1 — 


-_ _ ? 


2 Rhomboids unequal. See Fig. 2, 29, and 15, and 30. 


4 
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taining 3 Sides, or 3 Angles ; from which, if we 
caſt away two, there remains one: The uadrangle 
# the ſecond Figure, havg 4 Sides and 4 Angles, 
from which, two being taken away, there remains 


Wo. 5 3 

2. All the Angles of any right line Figare, are 
equal to twice ſo many right Angles, as there n be- 
rween the right line Figures. 

So the three Angles of the firſt Triangular Figure, 
are equal to twice one right Angle, that is, two 
Tight es: And the Angles of the ſecond right 
lined 175 being Quadrangular, are equal to twice 


two right Angles, that is, to four right Angles; and 
ſo of the reſt. 

3. All the Angles of any right lined Figure, are 
equal to twice ſo many right Angles, abating four 
right Angles, as it contains Sides or Angles. 

So the Angles of any Triangle are equal to twice 


3, or 6 right Angles, 4 being taken away, that is, to 


two right Angles : The Angles of a Pentagon Figure 
are equal to twice 5 or 10 right Angles, abating 4; 
therefore together tis equal to 6 right Angles. 

4. The oppoſite Sides of a Parallelogram are equal 
between themſetves, alſo the oppoſite Angles are equal, 
and the whole is cut in two in the middle by the Di- 
agonal. 

5. In a Quadrate, and Rhombus alfo, the oppoſite An- 
gles are cut in 17 in the middle by the Diagonals. 

'Tis otherwiſe in thoſe that are longer on one 
part than the ocher, and in the Rhomboid. 


6. In the Quadrate, and that which is longer on one 


art, the Diagonale are equal : In the Rhombus and 


7. A right line cutting the Diagonal any how in the 
middle, droides alſo the Parallelogram in two in the 
middle, as the right line e f in the Rhomboid, in 
n 


9. F 


8. If from any Angle of a Triangle, a right line be 

NA, — v6 , it divides the oppoſite Side in 

the middle, alſo it will cut the Triangle in two in the 
ddle 


"In Rg. 24. 80 28 ec cuts the Baſe d F in the mid- 2 


dle, it alſo cuts the Angle at e in the middle. 

9. If a right line be the Double of another right 
line, the Square of it will be Quadruple of the 
Square of that, and the contrary. | 

So the made from the right line 2 5 

Will be ruple of the Square of the right 

And ple of that. 
10. If in a Square, any Diagonal be drawn, the 


&H _— #7 


line .. 


uare deſcribed from the Diagonal, will be the Dou- _ 


ble of the aforeſaid Square. Eig. 28. 
Ade uare 4 54 the 


a c, is the Double of the Square a bed: fox tis di- 
vided by the Diameter into two R ed Trian- 
gles, and it is the Subtenſe of them, the 
which is equal to the Squares of the Sides. 


11. The Square of the Diagonal of an Oblong, or of 


a + ag longer on one part, is equal to two Squares 
of the unequal Sides. 

To wit, for this reaſon, becauſe alſo the Diagonal of the Ob- 
loag, divides it into two ReRangle Triangles. 

12. Among all Equilateral and Equiangular Fi- 
gures, oy the bday the Square, and the Hexagon 
can fill the place; that ic, | 

In a Plane, they may be ſo fitted mutually between 
themſelves, that between the Angles of them there 
is no vacuity, but all of them conſtitute one Plane 
Superficies. 

13. Ihe Area of any Regular Figure, is equal to 


the Reftangle contained under the PerpendiBular, de- 


rived from the Center of the Figure to one Side, and 


under the half of the Ambit or Peripbery of the ſame 


Figure. 
For in this manner ReQangled Triangles are con- 
4 ſtituted 


223 


Square of the Diagonal 


Square of 
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ſtituted, one fide of which is the Perpendicular, in- 
cluding the Rectangle, which multiplied into the 
halt ofthe other, produces the Area; and that which 
is the Ratio of the Perpendicular, and one of the 
Sides, is the ſame of all the other. | 
14. Figures (which have equal Ambits, or Periphe: 
ries. and of which the Terms taken together are equal 
are not of the ſame Capacity: But among thoſe whoſe 


the moſt capacious, that is, thoſe which are Equilate- 
ral an Equiangular : And among thoſe Regulars, the 
Multilateral are the moſt Capacious, therefore the 


Circle is the moſt Capacious of all. | 
Geometricians fay, by how much a Figure is more Terminated, 
it is the more Capacious, and that is ſaid to be more Terminated, 
which hath moſt Terms or Sie 3: Hence a Circle is the moſt Ca- 
pacious, becauſe it hath, asit were, infinite Sides, and infinite An- 
gles, becauſe of the multitude of points, of which the Periphery 
. 2 —_,- © cotifiſts. Scef ig. 96, 97,98, 99, 100, 101, 102, 103, 104, 10f, 106, 107. 


8 * 


PROBLEMS. 


| Pon a given Right Line, to deſcribe a Square. 
Fig. 28. | 
To make a Square upon the Right Line 4 b. 
1. On the given line 4 6, from one of its Extreams raiſe the 
Perpendicular a d, equal to the given line, that you may have 
two Sides of the Square to be deſcribed. | 
2. From the point 4, with the Interval d 4, or « 6, deſcribe 2 
ſmall Arch, and the like from the point b, cutting the former in c. 
2 the Right Lines bc and dc, and the Square will be made. 
ou proceed in the ſame manner alſo in 122 Ob» 
long Rectangled Qu rangle, only in raifing the Perpeudiculars, 
the 722 of yy Compaſſes muſt be accommodated to the un- 
II. Maa Squares being given, either Equal or Un- 


equal, to make one Equal 10 all. 
Let the Sides of 4 Squares be 4, B, C, D. A 


Act thus. — 


- Sides are equal in number, the Regular Figures are 


* * 
i Plites* 225 5 
By: 108, To the Tine e f, equal to 4, raiſe a Per- 1 
pendicular 'e £, equal to B, —— infe, to which 
Fain - raiſe 2 Per equal to C, and 
draw f h: Then, to { þ raiſe the Perpendicular þ 
equal to,the Right Line given D, draw f i. 
The Square made upon f i will be equat to the 
four Squares made upon A B CP. | 


Il. To make 4 Szaure equal to a given Triangle 8 
fig. toy. | IQ 7 
The given r ual to which a | 
Square is to be made. 4 
1 Continue the Baſe 4 h from the part a towards b. 
2. By the oppoſite Angle c, make a Parallel to b 4 
comet to + eo Sie c. 


3. By che le ar A, erekł a Right Lite 
dicular to the which is e 4, cutting E= 
In d. 


4. Cut the Baſs a'b in the middle in d, and ſer 
wharf d. froni 4 to 


5. Cur Fe in the middle in 2. 7 
6. From g as a Centet with the Interval or 


ze, deſcribe rhe Seniicitcle f h e, which will cut 4 6 
continued in Þ. 


The Square made upon 4 h. will be equal to the 
mie 4c 6 given n 8 


W. To make a Squar Square equal to 4 
gare given, whether it be 
 Multangular-: 

t. 4 tie Rectilinear into "Triangles, to wit, 


ht Lines fro each of the Angles 
into the (owing Ri ng 


2. Then 22 ———— Problem find tie Sides, 
— ual to theſe. Triangles in Order. 


' Problem, make a os 
qual to to al - of the Sides: which 


Q 


N 


Y Rech linear A " ö 
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ſtituted, one fide of which is the Perpendicular, in- 
cluding the Rectangle, which multiplied into the 
halt of the other, produces the Area; and that which 
is the Ratio of the Perpendicular, and one of the 
Sides, is the ſame of all the other. 

14. Figures (which habe equal Ambits, or Periphe: 
ries. and of which the Terms taken together are equal 
are not of the ſame Capacity: But among thoſe whoſe 
Sides are equal in number, the Regular Figures are 
the moſt capacious, that is, theſe which are Equilate- 
ral an1 Equiangular : And among thoſe Regulars, the 
Multilateral are the moſt Capacious, therefore the 
Circle is the moſt Capacious of all. 

Geometricians fay, by how much a Figure is more Terminated, 
it is the more Capacious, and that is ſaid to be more Terminated, 
which hath moſt Terms or Sie 3: Hence a Circle is the moſt Ca- 
pacious, becauſe it hath, asit were, infinite Sides, and infinite An- 


gles, becauſe of the multitude of points, of which the Periphery 
conſiſts. Sce fig. 6, 97,98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 


8 —_— _ 


PROBLEMS. 


| Pon a given Right Line, to deſcribe a Square. 
Fig. 28. 
To make a Square upon the Right Line a b. 

1. On the given line a b, from one of its Extreams raiſe the 
Perpendicular a d. equal to the given line, that you may have 
two Sides of the Square to be defcribed. 

2. From the point 4, with the Interval d a, or « b, deſcribe a 
ſmall Arch, and the like from the point b, cutting the former in c. 

9 4 the Right Lines bc and dc, aud the Square will be made. 
ou proceed in the ſame mauner alſo in deſcribing an Ob- 
long Rectangled Qu rangle, only in raifing the Perpeudiculars, 
the opening of the Compaſſes muſt be accommodated to the un- 
equal lines given. ) . 
Il. Man) Squares being given, either Equal or Ut- 
equal, to make one tiquul 40 all. 
Let the Sides of 4 Squares be 4,B,C,D. A 


Act thus. Comme 


Fin. 108. 
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Fiz. 108, To the line e 5, equal to A, raiſe a Per- 
pendicular e g, equal to B, and goin fe; to which. 
again raiſe a Perpendicular g h, equal to (, and 
draw f h: Then, to f h raiſe the Perpendicular þ i, 
equal to the Right Line given D, and draw f z. 

The Square made upon f i will be equal to the 
four Squares made upon A B C D. 


Il. To make a Square equal to a given Triangle. 
fig. 109. | | p — 
The given Triangle is a c b, equal to which a 
Square is to be made. js FT | 

i, Continue the Baſe ab from the part a towards h;. 

2. By the oppoſite Angle c, make a Parallel to b 4 
continued t Þ, which is i e c. 5 

3. By the Angle at A, ereck a Right Line Perpen- 
licular to the Baſe, which is e a, cutting the Baſe 
In a. 8 

4. Cut the Baſe a b in the middle in d, and ſer 
he half 4 d, from à to , | 

5. Cur /e in the middle in .. 

6. From g as a Center, with the Interval g f or 
ge, deſcribe rhe Semiciicle fh e, which will cut 2 9 
continued in . | | 

The Square made upon à B, will be equal to the 
Triangle 4c given. 


IV. To make @ Square equal to any Retfilinear Fi- 
gure given, whether it be 255 drangular or 
Multangular. 


t. Reſolve the Rectilinear into Triangles, to wit, 
by drawing Right Lines from eich of the Angles 
into the Reſt. 3 | 7 
2. Then by the Antecedent Problem find tlie Sides, 
whoſe Squares are equal to theſe Triangles in Order. 
3. Then by the ſecond Problem, make a * re 
qual to all che Squares of the Sides, which will be 
Q equal 
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nal alſo to all the Triangles, and conſequent! 
will be equal to the given Figure; for becauſe 
the parts taken together is equal, it alſo agrees to 
the whole. . | 
V. To increaſe or diminiſh à given Square in 
ant Proportion, Fig. 66. 4 * 
1. Let bc and 2b be the Sides of a Square to by 
increaſed. | | | 
Then having produced one Side of the given Square 
to be increaſed b c, from the other Extream of the 
Side a, draw the Diagonal a c, which will be the 
vide of a Double Square, or a Square as great again, 
2. Apply this Diagonal to the. produced Side, it 
makes 6 d : Again, draw from a, the Tranſverſe Line 
4 d, which will be the Side of a Triple Square, of 
three times as great. 5 
3. Place this Tranſverſe Line a d on the produced 
Side, and to its Extream make another Tranſverſe 
Line from the former point a, which is @ e, and you 
will have the fide of a Square four times greater. 
And thus you may proceed ro Quintuple, Sextu- 
ple, Cc. in inſinitum: And likewiſe you may dimi- 
niſn, by returning back y For Example, if from 


the Side of a Sextuple Square, you e a Tran 
verſe Line, you will have the Side of a Quintuple: 
If from the Side of a Quintuple you make a Tranſ- 
\erſal, ir will be the Side of a Quadruple Square, 


and ſo on: Altogether in the fame manner as is ex- 
plained before, for the increaſing or diminiſhing of 2 
Circle, whoſe Figure alſo ſerves here, if, as is ſaid, 
2 


trom two Sefnidiameters of a Circle you 
Square. | 
VI. To meke a Table of Multiplication of Squares. 
If you make the Radius ot Side of the firſt Square 
of 1cc parts, fo that the Square of it be 100co of 
the fame parts, and then double this Sum, Triple, 
Quadruple, 


>. 0A 
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druple, Quintuple it, you will find the Roots of 
—. Vue ee praxime, and 180 uire the Sides Mul- 
tiplex of the ſame, in parts of Aich, the Sides of 
the firſt Square is 100. 


A Canon of the Sides of Squares, i in Parts looo. 


e | Parts. | Meeſures. Parti. 
100 245 
y 141 : 264 | 
3 173 8 283 
4 200 9 | 300 
5 3 224 „„ 216 


Thus you may increaſe this Table as far as you 
pleaſe. 


VII. From the Side of any Multilateral Regular, con- 
ſiſting of Parts 100000 ; To find the Perpendi- 
cular falling from the Center of the Figure 1 
one Side. 

1. The whole Circle being of Parts 250, divide 
by the number of Sides, of the given Mul:ilarerat Re- 


2. Take the half of the Quotient, which is the 
Angle of the Figure, and the Complement of this 
half to a Quadrant. 

3. Find the Tangent of this Complement, and 
make it, As the Radius, To half of the given Side : 
So the Tangent of the Complement ot half the Quo- 
tient, or of the Angle of the given Figure, To the 
Perpendicular fought. 

Exariple. 

Given an Equilateral Pentagon, "o/c Pe *pendi- 
cular is to be found. 


The Parts of the Circle are — 36 

Divided by the Number of Sides —— 5: 

Produces in the Quotient — 7 
Q: 2 re 
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The half of this is == — — 38. 
Its Complement to a Quadrant is ——— 54. 
The Tangent of this Complement is— 137638. 
The Side of the Pentagon in Parts——1 cccco. 
The halt of ii ——— -— ———5Ccco. 


6 Say thens - | 
As the I To half 3 So the Tangent of the Compl 
Radius che Sed of half che Quotient 
Icoooc E Fc: 137638. 


To the Perpendicular 68819. 
In this Proportion alſo vou may find a Perpendi- 
eulur to any Side given in other Numbers. 


VIII. Io find Ae of a Rectungled Quadrangle. 


We meaſure Areas, by tlie Superficies of any 


Square mcaſure : Therctore in a Rectangled Qua- 
drangle, the Leng drawn into the Breadth, being 
eltimated by a certain meaſure z rhe Product will be 
the Arca Oi the given Quadrangle : 


Exumple. 


A Planc whoſe Length is 40 Feet, and its Breadth 
20 Fect, the Area will be 80 Square Feet. 


II. To find the Arca of Rectungled Triangle. 
Since cvery Rectaugled Triangle is the half of 
that Rectangled Quadrangle : Therefore of the Legs 
comprehending the Right Angle, draw one into 
the Other, the Product is the Area of that Triangle: 
Or draw one ot the Legs into the other, and the 
halt of the Product will be the Area of the Triangle. 


N. To find the Aren of an Equilateral Triangle. 


1. Take the Square of one Side. 
2. Multiply that by 12. 
3. Divide 
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3. Divide the Product by 30; the Quotient is the 
Area of the given Triangle. 

Note, Becauſe an Equilateral Triangle, whoſe Side 
ſquared is 1, hath its Area + ; tis juſt fo, as if by 
the Golden Rule of Proportion, you ſay | 

The Triangle, the Square of whoſe Side is 7, 

Contains in its Area——— — — ; 

What will a Triangle contain, whoſe 2 5 
Side quaręd is. ? 

The Operation being performed, it produces 0, 

That is, 10 3:7, or 1043. 


- 13 
9 


XI. To find the Area of any Triangle, Fig. 20 
and 24. | ED 
LF 45 


1. Find the Perpendicular falling from ſome An- 
gle to the Baſe, either true or ptotracted. | 

2. Draw this Perpendicular into half the true 
Baſe ; or on the contrary, draw the true Baſe into 
half this Perpendicular, and the number produced 
will be the Area of the given Triangle. 


II. WAT Fig 83. 


1. Collect the three Sides of the given Triangle, 
which are, for Example, 10, 17, 21, into one Sum, 
and they make 48. 

2. Take the half of the Sum, which is — 24. 
2. From this half ſubtra& each Side, that you 
may have the three differences, 14, 7, 32. 

4. Multiply continually each into the Half, to 
wit, 14 into 24, whence is made 226 ; then 7 into 
236, whence is produced 235 2: Laſtly, 3 into 2332, 
hence is made 7056. | 
3- The Square Root of this laſt product, to wit, 
£4, is the Area of the Triangle. | 


Q 3 M. 47 
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| III. WAY, by Trigonome:ry. 
From two Sides given, and an Angle comprehended by them, 


in this manner. " 
1. Take the right Sine of the g given 
2. Multiply the two Sides e this 
Angle, and the given, in themſelyes. 
3. Take half the Product, and by As the the Pro 
To the Sine of the Angle given : 80 half the 
duct, To the Area ſought. 


XII. To find the Area of a Rhombus, Fig. 29. 


Draw one Diagonal into the other, and half the 
Product will give the Area of the Rhombus. | 


XIII. To find the Area of a Rhombaides. Fig. 30. 


From ſome one Angle draw a Perpendicular to the 
greater fide, multiply it into the whole fide, and it 
will produce the Area of the Rhomboid. 


XIV. To produce the Area of 42 Trapealum, whether 
Reclangled or Oblique Angled, having two Sides Pe 
rallel. Fig. 25. 
Draw the Sum of the two given Parallel Sides 
into half the Perpendicular, the Product is the 
Area ſought. | 

Example. 


Add ec 15, and a 6 10, they make 25, multiply 
ic by by half the Perpendicular 5, it makes 125, the 


RV. To find the Area of a Multilateral Regular 


Figure. 
Multiply half the Ambit into the Perpendicular, 
drawn — the Center of he 8 gure, to one Side. 
Ex 


A Pentagon is to be m __ whoſe . 
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lar contains of a certain known meaſure of Parts 4. 
Any Side hath of the fame Parts ——6, 

So that the Ambit or Sum of the Sides make 30. 

38 —— 
wn into —— 

P e e — * 


Which may alſo be if ou foo draw 2 
Sum of the e Ambir 3 into Erd Feel 


hom to find the Perpendicular is ro at K 7th 
em, at Page 227. 
XVI. 4 find the Area of a Multangular Irregular 
igure. 

Divide the as Compendiouſly as vou can, 
either into es, or into Rectangled Trian- 
ples, es, of which ſeek the Area of each, and add them 

o ane Sum, they will make the Area of the whole 
Figure. 
XVII. To divide a Triangle into 

ing in one Angle. Fig. 111. 


1. Divide theBaſe ac of the Angle b, from which 
you defire to inſtitute the Diviſion, into fo many 


equal Parts, meet- 


K 


pants 28 the Triangle is to be divided, as in this pla 3 


into 3, ad, de, e c. 


1 join the points of this Diviſion by Right Lines 


with the Angle, as db, eb, and the Triangle will be 
divided into three equal Parts. 


XVIII. To divide a Triangle into three or more Parts, 


ſe that the Lines of Diviſion meet not in one 1 
Angle. Fig. 112. vo 


La H le be 40 c, to be divided into three 


equal parts: Fo the Baſe ac, firſt cut off a third 
part a d, and join it with the point , by the line d b: 


draw the Right Line ec, and the Triangle will be 
* as Fefred. 
Q 4 XIX. To 


Again divide this line 6 * in the middle in e, and 


* 

ö „ 
* 
* — 
4 


—— <4 


2 | hedge o 


re — — 


ot. 
at - + - —— — — 


may ſhew the Center o. | 


{15 
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IX. To divide a Triangle into 2 or 3 equal Porti. 
ons from ſome given paint, ſo that that point 
being aſſumed in any Side may be common to 

'_.. al 808 Parts. FI 11S, 

Let the Triangle be 2 6 c, to be divided from the 
point g into three equal parts, ſo that the point g, 
may be common to all, and that there may be ac- 
cels from all parts to it. 3 
7. Divide the fide ac in which · the point g is po- 
ſited, into ſome equal parts; for Example, into three, 
which let be ah, Hi, 1c. a 

2. From e. aim £, draw a Right Line intq the 
oppoſite ng 4 2 | | 

3. From h and i draw two Parallel Lines, h &, i) 
parallel to g h, even to the Sides of the Triangle « bc. 
4. Join the Extreams & /, with the given point z 
and ſo the Triangle will bg divided into three eq 
parts, as was required. 5 1 J 
XX. To divide a Parallelogram in the middle by any 

given point, ſo that the dividing line ny in 
clule that permt. Fig. 1114. 

The Parallelogram abc d, is to be divided into 
two equal parts by the point e. 1 
1. Draw the two Diagonals « d and 6 c, that their interſection 


2. By this Center and the given point e, dray another Right 


* 


Line, which will divide the Parallelogram in the middle by the 
given point. | | | 
XXI. To divide any Regular Figure into as many 
Parts as you pleaſe. Fig. 115. 5 
ir cumſeribe the Circle of the given Figure, which divide into 
A7 parts ʒ in the ſame — — Alſo theis ibed Figure will 
be divided, by drawing Right Lines from the Center tq the 
points of Section of the Circle. , of 
XXII. Todivide any Irregular Figure in the Middi. 


let any Irregular Oblong Figure be to be divided into two 


equal parts, according to the Breadth. 
1. Divide it into two parts whatſoever, equal to one another 
by Eſtimation. | 9 

2. Mea - 
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2. Meaſure both, and if you find them unequal ; for 
one of as 36 Square Perches, the other of Square fetches 2592. 

3. Take the Difference of the Perches 64. 

4. The half of this Difference 32, muſt be taken from the grea- 
ter part, and added to the lefler. 

5. Then meaſyre the line which divides the Figure by Eſti- 
mation according to the Breadth, and letit be 45 Perches, and 8 
Feet. ' : * . G 7 

6. Then ſince if Ladd to the leſſer part of the Parallelogram, 
one Perch in Breadth, and 46 Perches and 8 Feet in Length, it 
will make if greater than Juſt, for it wanted only 32 Perches : 
Therefore we ſhall find the true part to be added, if we ſay : 

If 46 Perches and 8 Feet give 1, what doth Perches 32 give? 
Or if 468 Feet give 10 Feet, What doth . 320 give? 
Anſwer, 6 Feet 8 Inches, that is, the Pereh of 10 Feet, being 

divided into ro Feet, ang a Foot into 10 Inches or parts. 

Wherefore if you coriſtitute a Parallel line, diſtant 
from the former line of Diviſion 6 Feet 8 Inches, 
towards the leſſer part, it will divide the Figure 

opoſed into two equal parts. . 
Hy the like manner of working we may cut off a 
third part, a fourth part, or any other part, from 
zny propoſed Figure. „„ 


an A P PE N DI X. 
e Land Meaſuring. 


. ROM theſe Rules of Meaſuring of Areas, 
T' (which I have briefly run over, becauſe 8 
Fundamentals of them are already delivered before 
depend Land Meaſuring, and Meaſuring and Divi- 
ding of Fields, which was firſt found gut by the 
Egypriaze, afterwards the name of Geometry was gi- 
Goc | 
2. Of this, ſome make a peculiar Diſcipline, which 
notwithſtanding may conveniently be included more 
generally; that is ro ſay, which teaches to meaſure 
the Areas of Plane Figures, whether of Fields, or 
aw cx mas - „ 
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3. The famous or common Meaſure ( as *tis cal- 
140 which Land Meaſurers are wont to uſe, which 
in A 4 is 16 Frans, Perch divided into 16 
F ut here in Eng according to a Statute 
2 Pole er Perch contains 16 Feet and an half. 

4. The Ratio of theſe, which is Multiplication 
and Diviſion, is Treated of before in Grvil Arithne- 
tick. 

5. Where alſo we ſuppoſe enough to be ſaid con- 
the Kinds ar Species ariſing Multiplicati- 
on: c of which is, 7 8 
Ittplied fl Land 
. only 


2. Feet multiplied by produce Perches a Foot broad. 
3- And as 16 ſquare Feet and an 
broad, So 16 1 ſuch Perches a Foot 1 


4. Which ſquare Perches alſo are produced, if you multiply 
$ by Perches ; of which 160 an. of Land here in 
nd, and 150 in Germany. 
6. Note, In the meaſuring of Fields that are 
not acceſſible, that about thoſe kind of Fields tis 
uſual to conſtitute an Oblong Rectangle; to be 
— 4 in the ſame manner, as if this phich is af 
belong to the Field to be meaſured: But 
— from the ſides of this Oblong, Perpendi- 
culars muſt be found to each Angle of the Field to 
be meaſured, which Exceſs, n the Circum- 
ſcribed Oblong Quadrangle is greater than the Area 
of the Field, will be cut into leſſer Triangles, or 
Quadrangles, the Atea of each of them being added 
into one and that Sum being taken from the 
fime Circumſcribed Oblong Quadrangle, that which 
is the Remainer, will be the Area deſired of the 
Field to be meaſured. 
7. But if in the Circuit of a Field ſome Portions 
are Crooked, and not Right Lines, thoſe muſt be cut 


into ſo many until th but littlè from 
1 * ey ditter bu 
Right | - 
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GEOMET * 
PART VIV 
E the Dimen jon or Meaſuriz nring of Sade. f 


THEOREMS. 


I. 'O' F Regular Plane Bodies, which are more Sim- 
ple, or Plane, and alike, there are only Five : 

l. The Terracdron. 2. TheOfardron 2. The 

— 4. The Iceſacdron. 5. The Cube. See F 


Fig. Ag $i 0 = — 
Wb 
ald to be Regular, 2 ies, be- 


. — 1 2 — 
to wit, in 0 „ Superfi- 
cies wholly unequal Ley dep But by Ezc/id, 
Regular Bodies are ſaid ta be thoſe hich, are moſi 
ſimple, and alike, containing Sides and nook 
Angles : Equal between ves, * all 

conſiſt of nn unlike, 
8. . The Pri p ne, The ylinder, The 

4 C. 
2. Theſe are called Platonick Bodies, by Plato in 


Timgns ; which are named moſt fimple by Ariſtotle, 
the five Bodies of the World, that is to ſay, eaven, 


| Fire, Air, Water, Earth, which he likens or com- , 


Pares 


— LW. e 


2 


eee 
PI. >, 4 1 


N 
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pares to theſe five Bodies; even as Ariſtotle's Sen- 
tence is received of Plato: But in what manner, 
from the more plauſible Sentence of the Pythago- 
rians, Johr Kepler, with the Applauſe of Michas 
Meſilin, our Maſter, hath built the whole World 
of them, as may be ſeen in his Coſmographical My- 
ſtery, and Harmony of the Not. 

nd that therę cannot be more than five of theſe 
kind of Regular Bodies, Geometricians demonſtrate 
at he end of the Thirteenth Book of Euclid, as you 
may ſee. DS. 

2. Of Gibbous Bodies, the moſt Regular and Per. 
Fett, is the Sphere or Globe. | | 
This Body hath the moſt, and thoſe the moſt excellent Pro, 

ies, ſome of which we ſhall briefly touch upon. 

1. Therefore a Sphære is one, and the moſt Sim- 
ple among all Figures, conſiſting of one Superficie 
every where alike to jt ſelf, © 52 


2. Tis alſo Firſt or Chief, becauſe tis begat of 
of no other Figures, neither is ir begat like other 
Figures, and ir performs the points and. place in the 
begetting of others. VERES 2 

3. Since it Terminates all other Figures, it ſelf is 
Terminated and defined by no other than by its own 
Figure returning into it ſelf, _ 

4. Other Figures want many things beſides them- 
ſelves, the Sphære d only on it felt, re- 
quires nothing beſides ir ſelt, which is not in it. 

5. In every Sphære are three things; the Center, 
the Superficie, and the Equality of Interval or 
Space; of which, one being denied, the reſt fall to- 
gether, and are diſtinct between themſelves, and one 
is not without the other, yet all make one Sphari- 
cal Figure. 4 5 2 

6. The Center is, as it were, the Origine of the 
pphzre, from which the Superſicies is underſtood to 
proceed by à number of infinite Right Lines, com- 


munica- 
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municating themſelves to every part of the World, 


according to the Equality of Intervals. 

7 And rh wb I Gamer is invifible in it ſelf, 
yet it ſhews every where the moſt Equal flowing of 
the Superficie, by means of the Equality of Space. 

8. Therefore the Superficies is the Character and 
Image of the Center, and as it were the glory of it, 
and the way to it; and he that fees the ws 36 -rrugy 
he alſo in the ſame manner, with it ſees the Center, 

9. And the Interval or Space reſults from the 
comparing of the Center with the Superficie, and ir 
ſhews the Profundity or Depth of the Figure. 

12. Spheres, as they are the moſt Capacious of 
all Fig ures, ſo are they the Recepracles of all others, 
but principally of the five Regular Bodies, whoſe 
Angles reſt upon the Extream Points of the Sphe- 
rical Superficies, the other Bodies are extended by 
the Interval of its Amplirude, and are ſuſtained in ir. 

He that atrentively conſiders theſe, and fuch like 
things, may underſtand, not obſcurely, whatſoever 
's the adumbration of the Myſtery of the Holy Tri- 
nity in one Divine Eſſence; and think with himfelf, 
it ſuch things have place in Corporeal Things, and 
Mundane Affairs, that the like kind which Holy 
Writ delivers concerning this Myſtery in Spiritual 
Things, and purely Divine, are infinirely Sublime, 
and cannot be denied by Anti-Trinitarians. 

2. The froue Regular Bodies approach very near to 
the Perfettion of the Sphere. 

For, 1. As the Sphere is the moſt Simple, becauſe 
eis incloſed by one Term, that is, of ir felt, and all 
its points are equally diſtant from the Center: So 
the Ade Regular Bodies have all Plane Sides and An- 
gles, every one equal both in Kind and Magnitude, 
which is Simplicity: From which ix neceſſarily fol- 
Wies, that the Center of alk their Planes is alfo 
equal, diſtant trom the middle, foraſmach as uy 

in 
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being inſcribed in a Globe, all the Angles touch the 
Superficies, becauſe they remain in it: Alſo fince 
they touch the inſcribed Globe by all the Centers of 
their Planes : Becauſe therefore the inſcribed Globe 
continues Immoveable, and hath the ſame Center 
with the Figure, from which things are effet&. 

2. The other likeneſs of them with the Sphare, 
which is from the Equality of Diftances of the 


4. The Figure and Number of the Planes, Sides, 
and Angles, ſuch as is in the Five Regular Bodies, 


. Its Plane. Planes. Sides. Ang, 
The Cube. 


| * Quadranghtd ) 6. C12.) 8. 
be Octaedron. Triangle 8. 12. f 6 
The Dodecaedron & Hath 2 12.4 30. $20 
The Icoſatdrom. Triamęl 20. J 30. 


F. Among the five Regular Bodies, the Cube, the 
Tetraedron, the Dodecaedron, are the Chief or Firſt 
Sort; the Oftaedron, and Icoſaedron, are Secondary, 
or of the Second Sort. | 

For thoſe three have the more excellent Begin- 
ning, and the moſt fimple Angle, that is, Trilinear, 
and each Plane proper or peculiar : The two latter 
have their Beginning from the Primary or Chiet, 
and the Angle of many Lines, and more com 
ded, and the Planes borrowed ; to wit, being Trian- 
gular, they are borrowed from the Terraedron. 

6. Again, of the Chief, theſe bave the Rank of 
Priority bet tocen themſelues: the Cube, the Tetra- 
edron, the Dodecaedron. 3 

tor the Cube is generated only from its Baſe; but 
the Tetraedron is divided or cut from the Cube by 
rejecting 4 Rectangled Pyramids : And the Dodeca. 
edron is the Cube increaſed, to wit, by applying or 
joining 5 Pentaedrors. - Of 

= 


> m0 a 


3 2 


— — 
» 


. Of the Secondary, or Second Sort, the Firſt is 
the * the Latter the Icoſuedron. 

For the Oftaedron, the Firſt in its Order, ariſes as 
it were from a Cube, a Tetraedron, and a Pyramid; 
and from that it borrows the number of its Sides, and 
from this irs Triangular Baſe. | | 

But the Icoſaedron, the laſt in its Order, is begat 
from the Tetraedron and Dodecaedron : For again it 
2 from that the Baſe, from this the number of 
IS Sides. | 

8. The Proportion of the Semidiameter of the Orb, 
Circumſcribing the ſtue Regular Bodies, to the Sides 
of the ſame Planes Circumſcribed, and the Semidia- 
meters of the inſcribed Orbs are thus : 


of which the Semidi- 


C1155 
22 of 1633 
cumicriving any Mig. : WW. 
is Parts 1000. of ſuch 8 4 


parts is ii — 1414 


| C 81647) $77 
The Semidiameter of YT 943 The Semidia- J 333 
the Circle circum-< D 607 meter of the < 795 
ſcribed by the Plaues JI 607 Inſcribed orb J 795 ( 
0 8164 „ 


9. Spheres are to one another in Triple Ratio or 
Proportion of their Diameters. 

And Triple Ratio, or Proportion, is made from the 
Cubick Multiplication of the Terms of the givea 
Ratio : If therefore we multiply the Diamerers Cu- 
bically, it produces the Cubes of the Terms ; and by 
dividing, it produces the Proportion of the Sphzres. 

Example. 
Let the Diameter of ſome greater Sphære contain 
tne Diameter of a leſſer Globe or Sphære, times 5 


to that the Proportion between them Le Quintupl} 
Seſquialter, which is us 11 to 2. 


Then 


£40 Theres of c, 
Then the Cube of 2 is ͤ —8. 
And the Cube of 11 is » — — 1331. 
Divide this by 8, it produces in the Quot. 166 4. 
ng ſo many times rhe greater Globe exceeds the 
10. The Refangled Quadrangle contained under 
the Diameter of the Sphert; and the Circumference 
of the "twp, Circle of the Sphere, is Equal to the 


Superficial Contvex Area of the whole Sphere. 


As if the Diameter of a Sphære be — 5. 

The Circumterence of the greareſt Circle is -22. 

TheArea of a Quadr. made from theſe Sides 154. 

Which is alſo the Convex ies of the whole 
Sphare, whofe Diameter is 7, and rhe Circumfe- 
rence of its greatelt Circle 22. 


11. The Quadruple of the Area the greateſt 
Circle, meaſures 2 bieneſs of the * 
Ac ie of any Sphere, As, 

If the Diameter of the greateſt Circle in a <4; 

Globe be 7 

And the Circumfereace ce of the ſame 

The Area of this Circle will by Probl. des 93 

of Cyclometry, at Pag. 17 r, be 

And the Quadruple of this, to wit, 154. 
2 be the witole: Convex Superficies of the ſame 

0 


12. As the Circumference of the gredteſt Circle of 
« Sphere, is to its Diameter; ſo is the & peri ofthe ie 


Crrcumference, Jo the Convex Su ies 0 
Sphere. Or, As the Diameter of any Globe, is to * 

ircumference ; fo is the Square of the Diameter, ts 
the Convex Superficie. 


Therefore we may ſay, 
As the Circumference 22, To the Diameter : 
the Square of 22, the Circumference, which is 
484. To the Convexity of the Sphære, 154. os 
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Or, As the Diameter 7, to the Circumference 22: 
So the Square of Diameter 49, to the Convexity of 
the Sphære 154. 

13. The Solidity of any Sphere, is Equal to the 
Rellangled Solid contained under the Semidiameter of 
the Sphere, and a third part of the Convex Super- 
ficie of the ſame Sphere. | | 

Therefore from the Semidiameter of a Sphzre gi- 
ven, and its Convex Superficie, the ſolidity of the 
whole Sphære may be known. 

14. Two thirds of the Number produced from the 
Area of the greateſt Circle draton into its Diameter, 
is Equal to the Solidity of the whole Sphere. 

For from this Multiplication is conſtituted a Cy- 
lindric Figure, whoſe Baſe is equal to the greateſt 
Circle of the Sphzre, and its Altitude equal to the 
frtie : And ſuch a Cylinder is to a Sphære inſcribed 
in it, in proportion Seſqura/ter, that is, as 3 to 2, as 
Archimedes hath demonſtrated. | 

t5. The Convex Superficies of a right Cone an 
Cylinder, the Baſes being taken away, is equal 10 4 
(ircle, whoſe Semidiameter is a mean Proportional 
between the Side of the Cone or Cylinder, and ihe 
Semidiameter of the * of the Cone , but the Dia- 
meter of the Baſe of the Cylinder; 


1 


Stereometrical Problems. 
Of making the five Regular Bodies. 
I 


© To Form the Tetraedron. Fig. 121. 5 
(Y ſome Marter, make 4 equal Equilateral Triar- 

H gles, which being truly folded or put together, 
will make the Trrraedron according to the whole 
Solidity, R II. 
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IL 
To make the Octaedron. Fig. 122. 
Make eight Equilateral Triangles, equal between 


themſelves, or to one another, of convenient Mat- 
ter, and of them may be made a ſolid Ofaedron. 


III. 
To make the Cube. Eg. 123. 


Make and diſpoſe fix Squares, equal to one ano 
ther, which being any made and fixt, or glued to- 


gether, will make a (be. 
IV. 1 
To make à Dodecaedron. Fig. 124: l 


Make of ſome convenient matter, as Paſtboatd. 
or thin Wainſcot, or ſuch like, twelve Equilateral 
Pentagons, being Equiangled ; which being truly 
folded up, or put together, will make a Dodeca- $ 
edron. 
V 


To make an Icoſaedron. Fig. 125. 
Fix or glue together twenty Triangles, that are 


Equilateral, and Equiangled, and you will have an 
Icoſaedron. 


i £©@n2 


[ 

Of the Dimenſion or Meaſuring of Bodies. 7 

NOTE E. ( 

1. Even as we meaſure Superficies by ſquare Su- p 

derficies; So Bodies are mcaſured by Cubical little 
:odies of one Inch, Palm, or a Foot, in Length, 
Breadth and Depch : Or if the capacity be ſought, 

then by a Cubicul ſmall Veſſel of a certain Meaſure, | 


as well in Dry Meafſwes, as in Liquids, 


2. There 


2. Therefore when the Solidity of any Body is to 
be found, ſeek how many times ſuch little Body 
determinated by a known and juſt Quantity, is con- 
tained in the greater. 

3. The Empty is meaſured as the Full : If there- 
fore we know how much matter, either of Dry or 
Liquid, any Cubical little Veſſel of one Palm, or 
one Foot, or of any other Magnitude contains, and 
we have a Rod or Rule of the inſcribed Length of 
ſuch little Veſſel, we may meaſure the Cavity of 
any Regular Veſſel, as if it were a Solid Figure, and 
know the whole Capacity. 

Then how to meaſure the outward Superficie, as 
well as the Solidity of any of the Bodies, we will 
ſhew in the following Problems. 


VL 


To meaſure the Convex Superficie of any Globe o- 
Sphere. | 


I. Find the Diameter. 

2. The Perimeter, or the Circumference of the 
greateſt Circle; theſe multiplied into each other, 
bee the Convex Superficie of the Sphære, by 

heerem the 10th, at Pag. 240. 


Or, Take the Quadruple of the Area of the grea- 
teſt Circle, and you effect the fame thing, by Thee 
rem 11. Pag. 240. 


Or, Make it, As the Circumference of the greateſt 
Circle, to its Diameter : So the Square of rhe Cir- 
cumference, to the Convex Superficie, by Theorem 
12. Pag. 240. 

Or, Make it, As the Diameter, to the Circumfe- 
rence of the greateſt Circle: So the Square of rhe 
Diameter, to the Convex Superficie, by I Hor. 1 2. 
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VII. 

oo find the Solidity, or the whole Groſsneſs of any 
Sphere. 

F 1. Take + part of the Convex Superficie of the 
Sphære, by dividing it by 3. 

2. Draw this - part into the Semidiameter, and 
you will have the ſolidity of the Sphere, by Theo- 
rem 12. Pag. 241. 

Or, 1. Take - parts of the Area of the greateſt 
Circle 

2. Draw theſe into the Diameter, and you will 
produce the ſame ſolidity, by Theor. 14. Pag. 241. 

Or, Make ir, As 21, to 11 ; fo the Cube of the 
Diameter, to the ſolidity of the Sphære. 

For the Cube of the Diameter of the Sphære, to 
the ſolidity of the Sphære, hath the Proportion Su- 
perdecupartient Eleven, the fame as is between 21 


and 11. 
VIII. 


To fad the Convex Superficie of the Froe Regular 
Bodies. 
1. Find the Perpendicular falling from the Center 
of any Plane on its fide, by Theor. the 7th. Pag. 227. 
2. Multiply it in halt the fide. 
2. Multiply again the ProduQ. 
In the Terracdron - — 12. 
In the (abe and Ocfaedron der 3 24. 
In the Dodecardy. and Icoſuedron 60. 
Tac laſt product of theſe will ſhew the Convex 
Superficic of the Budy. | 


IR. 
To mealure the Solidity of the five Regular Bodies. 
in the Cube. : 
Tic Cubic Number of ary fide given, is the ſoli- 
«icy Gi the Cube; As if the fide of a Cube ” fix 
eet, 
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Feet, the ſolidity of the ſame will be 216 Cubic 
Feet. viz. 6x6 == 36 and 35 x6==216. 


Baut in the others. 

1. Take half the Altitude. 

(And this is had, if from the upper Plane of the 
Body produced: or from the lower Superficie of 
any which ſhall be placed upon the upper 
— of the Body, a Perpendicular be let fall to the 
JR of the expoſed Baſe, and we take the half of 
it. 


2. Take the Convex Superficie. 

3. Take + part of it. 

Which drawn into half the Altitude, produces 
the ſolidity of the given Body. 


X 


2 find the Solidity of a Refangled Parallelipi- 
pedon, 


1. Draw the Length into the Breadth. 
2. Draw the product into the Depth, and you 
will have the Solidity of the Parallelipipedon. 


XI. 


To find the Solidity of an Oblique Angled Paral- 
lclipipedon, or of a Rhombus, or a Rhomboid. 


1. Take the Altitude of the ParMelipipedon. 
2. Draw it into the Area of the Baſe, and you will 
produce rhe Solidity of the Parallelipipedon. 


XII. 
To find the Solidity of Priſmes and Cylinders. 


This is done in the ſame manner, by drawing their 
Altitudes into the Area of their Balcs. 
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XIII. | 
To find the Solidity of Pyramids, and of Cones. 


1. Aſſume the Area of the Baſe. 
2. The third part of the Altitude. Rt 
Theſe Drawn into each other, ſhew what is 


ſought. 
O R, 


1. Aſſume the Altitude; and, a 

2. The third part of the Baſe, and proceed in the 
ſame manner: You will effect the ſame thing if you 
draw the Altitude into the whole Baſe, and take + 
part of the Product. vo oO F 


To find the Convex Superficie of a Cone, excluding, 
or not taking the Baſe. 


Make it, As the Semidiameter of the Baſe, to the 
Area of the Baſe : Hs 
. So the Side of the Cone, to the Conical Super- 
ficie. | | 


XV. 
To find the Cylindrical Superficie, excluding the 


Baſes. 


1. Take the Circumference of the Baſe. 
2. The Height of the Cylinder. / 
The Multiplication of theſe, ſolves the Queſtion. 


XVII. 


; To double the Cube. 
Between the Altitude of the Cube, and the Dou- 
ble of it, ſeek two Mean Proportionals, the leſſer of 
fhele is the fide of the Doubled Cube. 
TVC oh = "a \ NOTE. 
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NOTE. 


If the fide of the firſt Cube be aſſumed of Parts 
100. 5 


The Double C 

The Triple 144. 
The Quadruple 159. 
The Nuintuple | Of that Cube, its | 171. 
The Sextzple < Side will be of 5 182. 
The Septuple the fame parts | I91. 


I 26, 


The Ottzple 200. 
The Noncuple 208. 
The Decuple J 215. 


Which Table -may be increaſed as far as you 
pleaſe, if you Double, or Triple, or Quadruple, &7c. 
the firſt Cube from the fide of 100 parts given, that 
is To00000, and ſeek the next Cubic Root of each 


Multiplex. 


| ad 


"The End of Geometry. 
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ASTRONOMY. 
The PREFACE. 
Of the Definition and Parts of Aſtronomy. 


I. FT 5 0 Fol 15 J ic 7 — 7 
pre/criving the reaſon of meafuring Ine otes, 
the Mo ions, the „es and Magnitudes of the 
Superior, or Celeſtial Bodies, viſible to this World. 

Taeſs Celeſtial Bodies are called Stars, the Sun 
and Moon, the Planets ; hence is the name of Sy- 
deral Science, and of Aſtronomy, which in old time 
alſo was called Aſtrolagy: But the Moderns atrri- 
bute the name of Aſtro/ggy ta that Art, whereby 
from the Motion of the Heavenly Bodies, and their 
Habirude to one another, they promiſe rhe Predicti- 
on of future things : But now we call Aſtronomy 
that moſt noble Art, which ſearches and diſplays 
the Motion, Diſtance, and Magnitude ſought, of the 
Sun, Moon, and Stars, and all other appearances ob- 
ſerved in the Heavens, from ſome Hypotheſes recei- 
ved, agreeing to the Nature of the thing. 

For an Aſtronomer firſt of all collects the many 
kinds or particulars of the Heavenly Appearances, 
by long obſervation of the Stars, Oc. Afterwards he 
aſſumes Hypotheſes, which being ſuppoſed, he ne- 
ceſſarily demonſtrates all thoſe rhings which he hath 
collected by Obſervation, - and what will follow in 
its time: And at length he either makes an Inſtru- 
ment by which rhoſe things partly are taken from 
Heaven, alſo they are partly ſet before the Eyes; 
o, he Ezplicares the ſame hy Numbers, ſhewing a 
Mechod,* whereby at any wine, either paſt, or to 


a 
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come, the Apparent Face of the Heavens, and the 
Configuration of the Stars, and Sun and Moon, may 
be computed ; henee are produced Aſtronomical 
Tables, Either of Perpetual or Epbemerides. 


2. We conſtitute Three Parts of Aſtronomy, ac- 
compliſhing each in a fingle Book ; of which, 


The Firſt Explains, The Spherical! Doctrine. 
The Second, The Theoretical. | 
And the Third, The Chronological Doctrine. 


For ſince we underſtand in Heaven a double Mo- 
tion of the Sun, Moon and Stars: The Firſt, com- 
mon to all of them, which is my iſhed from 
Eaſt to Weſt in the ſpace of Day and Night, or for 
the moſt part in the ſpace of 24 Hours : Wah 
Second, Proper to every one, tending from Weſt 
Eaſt ; both of which we uſually meaſure by Time : 
Likewiſe Aſtronomy is truly divided into thoſe three 
Parts : from whi | | 


3. The Spherical Dorine, Delivers the aforefaid 
Hypotheſes, which ſhews to us the firſt and com- 
mon Motion of all the Heavenly Bodies, and that 
by ſetting before our Eyes the Inſtrument of a Ma- 
rial Sphare, or of an Heavenly Globe, 


4. The Theoretical Doctrine, propoſes the Ap- 
parences of the ſecond and proper Motion of eve- 
ry one of the Celeſtial Bod ies, by certain Inſtru- 
ments of Contemplation or Theory. 


5 ; Aud the Chronological Doctrine explains the 
Ratio, or Proportion of Time, depending an both 
theſe Motions. | _ 


or 
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BOOK I. 


— 
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hy Of Spherical Docirine. 
CHAP, I. 
Of Aſtronomical Hypotheſes in General. 


4. A Stronomical Hypotheſes in are ſome 
| Artifices aflumed, from which the Celeſtial 
onneations are . 

| 1 1 
n hen => that follows. = 


2. And Aftronomical Hypotheſes are ſome 
cal, others Geometrical. 


— 


3. Phyſical, are thoſe which are botrowed by the 


er, from Phy/icks, or from Nature, which he 
either ſuppoſes as True, or alſo further Confirms by 


49 — the Warld, and the 
* F | 
thereof, as of — Earth, Fre Fire, Pace 1d 

Scituation z concerning Cæſteſtial Bodies, the Di 
| fition and Order, likewiſe the Kind and Quality of the 
Motions, Co . 

4. Geometrical Hypotheſes, are things drawn from 
the Storehouſe of Geometry, only indeed aſcribed 
to Heaven by the Imagination, but conformable to 
the Nature of the thing, and therefore allowed by 
every one; from which the Czleſtial things are the 
better explained and declared. 

—— Ne 
c. t - 
tion, ind for diftindtion fake : For becauſe he Mo t 


Stars 


- <: aw. a. 


and 
can 
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is unifotm, and every whete alike, ſince nothing is 
are forced oe Na ano WI 


that we may ſpeak y concerning Diſtin& Thin 
e 22 the 77 © econ 
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— 
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CHAP. II. 


of Phyſical H eſes, and fi he Worla, 
n . 


T HIS Vifible World, is a Sphære deſcribed 
from the Eye of the SpeQaror, even as from 
a Center, conſiſting of the Receptacle of all Vifible 
things in Heaven and Earth. 
(I. We call this World V; Sie, with, reſpeft to 
the differ viz. of Inviſible, concerning whi 
St. Paul ſpeaks in Coloſeans, Chap. I. which th 
Platonick, even as this of ours; but the Hebrews 
call it the Future World, which i 1 Irui ſible, and the 
 Vifible World they call the Preſent : And the Invi- 
fible World is no other than the ſtate of the Blei 


Angels and Men, fully revealed by God at the 
Word, comer concerning which, Philofophers treat 
rol wb Th 


2. And the — givemof the Vifible World, 
is either Aſtronomical or 1 Contidering the 
World, even as tis conceived by Humane Eyes, tis, 
as it were, a Concave Sphzre, deſcribed about ir 
ſelf, the two principal Parts whereof, according to 
Holy Scri Scripture, makes the Heaven and Earth : This 
b 4 Manfjon and Station of Man the Spectator, 
from whence he contemplates Heaven as it were an 
hollow Arch or Vault, richly adorned with Sun, 
Moon and Stars, 4 the meaſuring of which 
Aſtronomy is pro perly y converſant, * 
things to be diſcut ed, as Alien from this if 


Scope.) 


. * * 
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2. And that this World is Spherical, that - 
terminated by a circular and round Figure, moſt Phi 
loſophers do agree. x 
ee . World: nevetiekl there we not wanting probs. 
the World, are 
rag wor wel which will perſwade that it is Spherical. 

For 1. Since the Order of the Stars re- 
turns in themſelves, by a Circle drawn about the 
Earth, and ſo, as it were, makes a certain hollow 
Vault, of a whole Sphærical Figure, the whole Band 
of which comes within our View in the ſpace of a 
few days ; we muſt conſent, that the Outward and 
Convex Superficie of the World cannot depart from 
this, and be any other than Sphærical. | 

2. Moreover, but that moſt perfect and capacious 
Bodies ought alſo to be moſt perfect and capacious 
Figures, no body will doubt : Therefore fince the 
World alſo is a Body molt perfect and capacious, 
becauſe it contains all things by its Ambit or Peri- 
Phery ; and a Sphærical Figure is the maſt perfect 
and capacious of all others, no one can y 
doubt of the Worlds being a Spharical Figure. 

3. Eſpecially ſince G O D himſelf is the Ori 
of the World, and the World, as it were, the living 
Statue of GO D, to which no Figure is more like 
* {imilitude may take place) than the Spharical : 

oras GOD is the Beginning of Beginnings, want- 
ing Beginning and End, Creati Suſtaining all 
things: One Eſſence in Three Perſons : So alſo a 
Spherical Figure, by its Nature, hath neither Begin- 
ning nor End, it gives Perfection and Place to all 
other Bodies, and conſiſts of Three Parts, its Center, 
Superficie, and Equality of Intervals, which are in- 
decd diſtindt between themſelves, yet they cohere 
ſo, that one being denied, the reſt are deſtroyed, as 

is allo ſaid in Geomerrical things before. 
| 3. Ihe 
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3. The principal Parts of the Wor 1d, in reſpect of 
ours, are two, viz. Heaven and Earth. | 
ined eg of Water and Earth, prope fo called Sed. 

t 7 ca i- 
cal, ot of the Form of a Globe, allowed to Men to inhabit, that 
from it with the Eye, even as from a common Center we may 
contemplate Superior and Celeſtial Things. 

14 1 Huw bs For 1. » ſignifies 
the 2. The ot this in- 
feriour Region diſtin from the Dquid. 3. This 
whole inferiour Region under our feet, compoſed of 
the dry and liquid part, or Water and Earth, fo cal - 
led in particular : which notwithſtanding by h- 
doche from the better part, the Earth, we are wont 
to call it the Terrene Globe, the Earth, the Orb of 
the Earth: In which fignification the word Earth is 
received almoſt every where in Aſtronomy. 

4. And that theſe two Parts, to wir, the Dry and 
the Liquid, being joined together in one Body, con- 
tain one Superficie without doubt. 

I. Experience witneſſes ; in as much as we know 
that having ſurmounted or paſſed over any great Sea, 
we always find one or other dry places. 

2. From Celeſtial Obſervations, of which the Pro- 

ion of Changing, according to the Diſtance of 
laces, is the ſame every where, whether they are 
beheld from the Earth, or from the Sea. 5 
F. Bur that this Superficie of Earth and of Wa. 
- ter, joined together in one Body, is Spher:ca/ or Glo 
boxs, is ſufficiently evinced by many Reaſons. 

1. For fince, as well the Earth, ſo called in par- 
ticular, as the Water, is round, as well according 
to Longitude, that is, from Eaſt to Weſt, as according 
to Latitude, that is, from North to South, it mult 
needs be, that the whole Body alſo confiſting of 
Earth and Water, is Round: For whether we ad- 
vance by Earth or by Sea towards the Eaft, the Stars 
ariſe ſooner to the Eaſtern People, and the Lange 

IIe 
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Eclipſes are beheld ſooner than by the Weſtern Peo- 
le: And the Northern Stars are more and more rai- 
Fel towards the North, but the Southern are de- 
„dn che other part, the firſt ſeen are hid : The cauſe 
of which can be no other thing but the ſwelli 

on) © 0 and rotundity of the Sea and Earth. Fig. 126. 

e made of Earth and Water caſts a 
turned or circular ſhadow from it ſelf, which is be- 
held in Lunar Eclipſes, which fhadow is. not pro- 
duced but from a round Body. | 

3. Mariners teſtifie concerning the ſwelling of the 
Water, who can behold a Sign or Mark on the Sea 
ſhoar, ſooner from the top of the Maſt, than at the 
foot of it, the ſwelling of the Water hindring the 
fight, Fig. 127. 

And although on the Earth there are vaſt Moun- 
tains, and deep Vallies, which ſeem to hinder the 
roundneſs of the Earth, yet becauſe they have no 
| Notable Proportion to the whole Syſtem of the 
Earth, (for the Latitude of a Mountain whoſe 
'Length and Breadth contains an whole German Mile, 
which is 5002 Paces, and contains 4 Exgliſb Miles, 
is in Proportion to the whole Bulk of the Earthly 
Globe, ſcarce as 1 to 266256 .) Therefore the 
Mountains and Vallies cannot hinder the rotundiry of 
the Earth, altho* they make the Superficie of it ſome- 
what rough or rugged : And this is alfo evident in 
Eclipſes of the Moon, in which the ſhadow of the 
Earth is ſo repreſented in the Moon, that nothing in 
2 8 er appears in it which is Swelling or 
ough. 

6. And altho' the whole Earthly Globe be vaſtly 
great in it ſelf, yer when compared with the Supe- 
rior Heavens, and the diſtances of the higher Stars, 
it hath no ſenſible Proportion of Magnitude, but is, 
as it were, like to a Point or Center, * 
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For i it ſhould be otherwiſe : - 
1. The ial Obſervations would differ accor- 
ding to the variety of Places. 


2. The Eaſtern Stars would be ſeen to be much 
leſſer to the Weſtern inhabitants, as being more re- 
mote, than to the Eaſtern. 


3. Two oppoſite Points of the Heaven would ne- 
ver be ſeen together. 

4. The Diameter of the Sun would apheat grea- 
ter in the Mid-heaven, than when tis beheld to ariſe, 
to wit, being nigher by an Interval of the whole 

iameter of the ) 

5. Laſtly, the Vertexes of Gnomons in Sun-Dials 
can never have the Proportion of the Center to the 
Sphzre of the Sun, if the Earth ſhould have ſenſible 
magnitude to the Sphzre and Diſtance of the Sun, 
much leſs to the Diſtance and Sphzres of the higher 
Planets and Stars; all which, notwithſtanding, is re- 
futed by daily Experience. 5 

VII. Heaven is to us the Superior part of the 
World, inclofing the Earth on every fide, circum- 
ſcribed by Judgment of our Eyes, by a Concave Orb, 
filled by Air and a Golden Sky, adorned moſt ſplen- 
didly with Sun, Moon, and Stars. . 

In Holy Scripture, Heaven is whatever-incloſes the 
Earth every where, or on every ſide ; ſo that the 
Air alſo is therein contained, whence the Birds fly- 
ing in the Air are called the Fowls of Heaven: We 
follow this Sentence of Holy Scripture in this place. 
Ariſtotle, with his followers, have placed above the 
Air a Fiery Sphære, and above this more Heavenly 
Sphæres and Concave, Clear indeed, but So- 
lid, which encompaſs each other as the skins of O- 
nions, and the Stars carry or move the inferior Orbs 
and Sphæres, of which AHronomers have found out 
the Ten principal ones, as you may ſee in Fig. 1 28. 

But as that Fire being nouriſhed from no ſolid wy 

on, 


. 


ow 
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ſon, the moſt part of Modern Philoſophers have 
wag vey it into ſmoak ; ſo likewiſe the ſagacity of 
the Moderns have deſtroyed the ſolid Orbs, by Op- 
tical, Aſtronomical, and Meteorological Reaſons. 

For, 1. If the Orbs in Heaven ſhould be ſolid; to 
wit, Thicker than the moſt clear Golden Sky, then 
the refracted Radius's of the Stars would arrive at 
our Air, as the Opticks teach ; therefore the Planets 
would appear to be itregular, and as it were in other 

laces farther off than thoſe which may be declared 
by Aſtronomers. ; 

2. Aſtronomy alſo witneſſes, that Mars ſometimes 
is nearer the Earrb than is the Sun; alſo Venus and 
Mercury is converſant one while above, another 
while beneath the Sn, which if the Orbs ſhould be 
2 cannot be done without interſection of the 

r 

2. Moreover that thoſe Comets, which Ariſtotle 
calls Metcors, paſs from one Region of the Sky to 
another, is witneſſed by moſt certain Obſervations, 
* tlie ſolidity of the Orbs would hinder their 

age. | 
4 4. This alſo comes neat unto the Authority of 
Holy Scripture, which teſtiſie of God, in I/az. 40. 
thar he hath extended the Heavens, as ſomewhar 
Thin and Rare. 


From theſe Cauſes we may truly appoint or ſtate the Celeſtial 
Region to be no other than a Golden Sky, moſt Liquid, Clear, 
more Thinner alſo than our moſt pure Air, giving way to the 


Moveables, not leſs readily than the Lights of the Sun and of the 


Stars, give way, that they may Dart their Lights on us. 

From whence alſo it follows, that the Stars in this moſt pure 
Sky, like Fiſhes in a ſtill Water, and Fowls in the Air, are boarn 
2nd carried about, not by any other bat by their own proper Na- 


ture, yet neither wandringly, but conſtant, and by a Regular 


Motion. 

Yet whether or no we eſteem the World flowing, and every 
where uncovered, or fenced by no other thing, but a moſt fine 
G.1den Sky-: It hinders nothing whether to believe or think, 

that 
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alich we calf xt, 


— fly 
the ſame 


likewiſe ir may be lawful to ſuppoſe Orbs or 

hæres, not Solids, but as Circles in the ſame clear 

y: As alſo the Spharical Space to be ſo great, as 
wandring Stars or Planets require to the finiſh- ] 

ing their Courſes, concerning which we ſhall fay ; 


| 


CHAP. in. 
Of the Fiat, and Wandring Stars or Planets, 


1QTARS are Lucid Bodies, Globous thro' the 
whole Anibit of Heaven, either affixt to the 
extream Heaven, or ſuſpended in the Sky ; and go- 


ing about in it, that they may ſhine upon the Earth 
and diſtinguiſh the Day — Night, and make the 
Changes of the other Times. 


ing theſe Stats, ſome ſay many things vainly, while 
ſuppoſe them to be the more thicker parts of Heaven: 
think them to be burning Globes; others, Terteſtial Bo- 
el 1 — 
i — 1 — ing out by humane c 

She i — to us concerning them 
z we ſhall 1 if we remain within the 
, and deſcribe thie Stars, from the uſe ( that they af- 
ford to us the Inhabitants of the Barth) aſſigned In Hcly Scrip- 
ture, which is done in our Defcription. 

2, And of Stars ſome are Fixed, others are Wan- 
dring, or Planets. 


3. Fixed Stars, are, as it were, affixt in the Con- 
cavity of the Extream Orb of Heaven, by Immutable 
e 8 | Spaces, 


— * 
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ces, ſurrounding the whole Vitibte World Vaber 
receive all Viſible. things within their hollow Vault, 
and ſeem to go about the Earth, and all the Com- 
mon Stars, by a daily Motion. - | 
T 
the 1 
nnn — be numbred, Ch neither all of 
them are believed to be ſeen : For by how much any one be- 
holds more acutely, by ſo much he ſces the more of them ; whence 
alſo to them that behold moſt Eagerly, ſome are deſervedly e- 
ſtcemed to be hid, Be 16. Chap. 23. de Civitas. Dei. 


Alſo the Teleſcope hath diſcovered many things 
in theſe days, of which the former Ages were Isz- 
norant: In one Head of Orion it hath ſhewn more 
than Twenty, and which is more, in one cloſe place 
( which is called by the name of the cloudy part of 
Cancer) more than Forty. The Galaxia, or . 


tual Milky way, and in the ſame Age of the World, 


the Heavenly Circle, which Ariſtotle eſteemed rude- 
ly tor a Meteor, is no other, than an heap of moſt 
{mall Stars ſhining contiguouſly, which hath been 
newly detected by the ſame Droptric Tube, or Tele- 


COPE. 

Norvithſtanding, the great number of Stars is not 
to be ſuppoſed Intinite; tor an Infinite Number of 
Stairs require alſo an Infinite Space, which cannot 
be: For ſince the Region of the Fixed is Terminated 
at leaſt on one fide or other, to wit, downwards, to- 
wards our moveable World, it cannot be Infinite, 
fince to be Infinite and to be Terminated, aboliſh 
each other murually. 

But by that which humane fight attains to, *tis 
eafie to find out a Number many times exceeding 
the number of the Srars, although the whole Area 
ot the Heavens ſhould be planted or ſet with 
and they ſhould all cohere contiguouſſr. 

For aſſuming the Middle Circle of the ultimate Hea- 

ven, 


nn 


Clap: * 9 


er- —— _—_— ee 
1 — 1296000 


85 
BE of this will be. 412364 . 


De Senidiameter —— — 


We Hulf of the Cir 


cumference —— 648009", 
Ibe Area of the Middle Circle 133605936000”, 


» Puadruple of this- 534423744000". 


the whole Concavity of thi, Sta 
2 M no Star ſhall have i * & Di. 
meter more” than 1”, and all ſhquld be ſet 
into three, as the little Circles o 
dows, ſo that they Hepp! 1 thruſt more doſeh 
together, yet the number of thein.cannot exceed this 
given. 

But fince the Diameter of Stars of he Sixth hien 
e 

20, 

de dy Heir off an te bu of Sar ot 2 
this leſſer number. 
4 And from the great number of Fixed Stars, the 
X have choſen the greater, and 
moſt notable, according to fight, and have diſtribu- 
ted thoſe into Coaſts or __ of the Heaven, by 
Aſteriſins, and certain Claſſes of Magnitude. 


5. The Coaſts of Heaven, are certain Parts of the 
on, by two great Circles croſswiſe, thro? 
of the Earth diſtinctly. 

"RA are made four Cardinal Coaſts or Ports. 
The Ezft, wherein the Sun Riſes. 

The Weſt, wherein he Sets. 

The North, where the 7 Stars of the Great Bear, 


N Charlers Wain, are beheld, near the Norch 
ole. 


The South, TI TOs bonetd by: we ie tes 
Meridian, or at oon. 
3 | ( Beſides 


Te e. Bek 

(Beſides theſe, Mariners number 28, in all 323 
which are either Fi from theſe, rincipal ones, 
or they denominate them from the Winds blowing 
from thence : Even as alſo, the Latint are 22 - 
call the Northern courſe or part, Borealis, and 
lonaris; and the Southern alſo, Auſtral, Nc. f 
the Winds Boreas, Aquile, Auſt er, blowing from 


hence. ) 


And from theſe Cardinal Points, ſome Stars are called Orien- 
tal, others Occidental, ſome Northern, others Southern. 


6. "Aſteriſmes, ( which are alſo called Stars, Sun 

i. Moon, Conſtellations, Signs, Fc.) are the Con- 
figurations of the more nearer and famous Stars, 
bearing either the Names or Images A — ag 
tor the ſake of Memory and Dilt | 

Of theſe Images the Antients have conſtituted 48; 
and they comprehend 1022 Stars, denominated from 
the certain Parts or Members of the Images , as the 
Horn of the Ram, the Eye of the Bull, &c. to which 
the Moderns have added not a few : And the Cau- 
ſes wherefore they aſſumed theſe kinds of Images, 
is likely to have been chiefly three; Ihe Likeneſs 
which "theſe Stars have in  Liſpolirion with. theſe 
Images; The Efficacy which the Ancient Aſtrolo- 
gers ſuperſtitiouſly aſcribed to ſome Conſtellations : 
Laſtly, he Immortality, to which ſome were Conſe- 
crate Heroes, and would have their names, as it 
were, inſcribed in Heaven. 

And tis to be noted in this place, that oft · times 
the name ot the whole Conſtellation i is aſcribed to 
any one of the brighteſt Stars, which with reſpect 
to Syyias, is called the Greater Dog, &c. 


Afleriſms of the Ancients have been — 
by Verſes in Latin. 


I. Northern Stars. 


To the Northern parts you may behold 21 Stars. 
1. Urſa 
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e # Minor, or the Leſſer Bear. 2. Urſa Ma- 

Greater Bear. 3. Druco, or the Dragon. 
5. Bootes. 6. Corona Septremri, or the 


us. 
9 ba. 7. Hercules.' 8. Lyra, or Hijp. 
9. Cygnus, or Swan. 10. Calliope ia. 11. Perſers. 


25 Auriga. 19. Serpentarius. 1 Ser pen 
uchi. 15. Sag _ 16. Aquilla, or * 1 15 2 

nam, or Dolphin. 18. Eguicullus, or Leſſer Horſe. 
pou Pegaſis, or Greater Horſe. 20. TING 


21.; Triangulum, or the Triangle. 


i IL Southern Stars. 


To the Southern Parts you may ſee 15 Stars. 

1. Cætus, or the Whale. 2. Orion. 2. Eridanyus. 

Lepus, 'or the Hare. 5. Canis Major, or the 
Greater | . 6. Canicula, or the Little Dog. 7. A 
go Navis, of the Ship. 8. Hydra, or the Water Ser- 
pent. 9. Crater, or Cop. To. Coruus, or 17 Crow, 
11. Centaurus. 12. Lupus, or the Wolf. . Ara, 
or the Altar, 14. Corona Auſtrina, or the 55 outhern 
Crown. 15. Piſces Auſtrina, or the Southerm Fiſh. 


m. 5 the Middle. in the Zodiac Circle, are 
the Twelve Si Ins, 


1. Aries. 2. Taurus. 3. Gemini. 4. Cancer. 
5. Leo. 6. Virgo. 7. Libra. 8. Scorpio. 9. Sa- 
gittarius. 10. Capricornus. II. Aquarius. 12. 
Piſces. 


Becauſe theſe Twelve Signs often Occur, for bre- 
vity in Writing they are thus noted. : 


Y Aries. & Leo. 3 Sagittarius. 
Bn Taurus. | w Virgo.: ve Capricornus. 
I Gemini. | Libra. 2 Aquarius. 
S Cancer. | Scorpio. * X Bljecs 


8 3 But 


OP- 
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Zut theſe new. Aﬀeri added \ 4 
the. Sourh 'H not. ſeen 

in i 4! de Y h 
1 rg . Gras, Indus, Liphice Fons aero te 
Paſſer, Apus, Triquerrum, Maſea, Chamegue Leok. 
7. The. Magnirade of the Stars, are Ciftinaed of 


fix Claſſes. 
In Number, In the North. n 


vo ſFirſt 15) " 
= | Second 45 18 | 
= | Fourth 205 Bf 

= 477, 177 
S* Fifth 219? 58 
= Sixth 49 . 
O {Cloudy 5) L 

e Sum 1022. 380. 


8. The Wandring Stars, or n are thoſe 
_ are ſeen under the Fixt, through the Golden 
Sky, not only daily and common with the Fixt z but 

lo every one peculiar and proper to ſome place AL — 
uncertain and wandring, but yet ſeem to 
many times by a variable Motion, which — 
— variouſly, both between themſelves, and alſo 
10 the Fixed Stars. 


Of theſe, Seven are obſerved by the Antients. 


Of which, 
The Order. Ide Names, The Figues., 
: upiter . 1. 


= 
f 
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1. Among theſe Planets © and ) are called in 

Writ ” on 3 . not that ; 
Moon exceeds the other Stars in biene(s or 
"is 1 2 


tis manifeſt that tit the leaſt of all; 
reafon of its nearneſs, it appears greater than the 
reſt, and caſts forth a clearer ligbt. 5 6 1 

2. Ihe other Planets are diſcerned from the Fix- 
ed Stars. 


1. By the Qruntity of Body, becauſe they are ac- 
tor the moſt part) greater than 
the Fixed Stars, ſome few excepted. | 
2. By the Quality of Light, becauſe they are al- 
ſo more clear, and have a more conſtant Light, and 
ſparkle leſs ( for the moſt part ) than the Fixc. 
3. By their Scituat ion, uſe they are Lower 
than the Fixt, and change their places variouſly, 
both between themſelves, and to the Fixt, which the 
Fixed Stars conſtantly retain between themſelves: 
Moreover the Planets remain between the Zodiack, 
when the Fixt Stars are diſperſed every where thro' 
the whole Heaven. 


3. And the Planets likewiſe are diſtinguiſh'd be- 
tween themſelves. 


I, 13 of Body, for Venus, after © and 
5, is the greateſt of all; next to which in Magni- 
rude is Jupiter; Mars is ſomewhar leſs than Ju- 
jor 55 "oi is equal to Mars; and Mercury is 


2. By Quality of Light, Venus is the molt ſplen- 
did, diffuſed with a Golden Colour in Brightneſs : 
Jupiter is like to Venus, bur leſs ſplendid, of a mid- 
dle colour, between Gold and Silver: Mars ſparkles 
with a Ruddy flame: Saturn ſhines leſs, with a 
1 colour: Laſtly, Mercury is Lucid, but lets 

te. 


84 3. By 
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3. By Scitudtion, for Venus departs not from = 
Sun beyond 48 Degrees: Mercury not beyond 28* : 
Venus praceeds the Sun in the Morning, and is cal- 
led Phoſpborus, or the Morning Star; and follows 
the Sun in the Evening, and is called Heſperus, or 
the Evening Star, and' is eafily known by its little 
Golden Rays : But Mercury lies altogether hid, ei- 
ther under the too much ſplendor of the Sun, or it 
it depart from thence, yet tis ſcarce obſervable to 
young Beginners, by reaſon of its ſimallneſs. . 


And we muſt Note alſo in this place: 


1. That Galileus Galilei, a Mathematician of 
Elrence, by help of the Teleſcope hath likewiſe 
detected other Secundary Planets, ranging about the 
Primary, to wit, 4 Jovia about Jupiter; 2 Satur- 
nine about Saturn, which we leave in their places 
until more is known concerning them. 

2. Moreover, there are many Modern Aſtronomers 
which think far otherwiſe of the Order of the Planets: 
And Copernicus and his Followers, and thoſe Ancients, 
Philo/aus and Ecphanium, Pithagoriant; Heraclidem 
Ponticum, Ariftarchus Samius, and others; change 
he place of the Sun and the Earth, and place the 
Sun in the Center of the World, only moveable a- 
r Cover , and all the obey 2 are in — 
orld they ſuppoſe moving: ey receive 
Farth into the 45 of Ne Bon between the Planets, 
moveable about of it ſelf by a daily Motion, and 
the Center of the Sun by an Annual Motion, and 
moreover moveable by another Secular Motion : 
And they circumſcribe the Sphære of the Moon, in 
which the Moon as a Secondary Planet goes about 
E 

Lenping this Opinion, we not co ing Phy ſics, 
do follow the * — of our Eyes with Holy Scri- 
prure, with thoſe which place the Earth in the Cen- 
„ 7 no >= wh ov 83 4 coi £10 8 4 ter 
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eſpecially fince the Defenders 


ing o ny nent, or Award of their Eyes. 
a , we. muſt know., that there appears 
ſometimes in the Air counterfeit ſhapes, running to 
and fro ſwiftly, which they call by the name of 
es Hrs — and from = pecies, q um 
are; When notwithſtanding they are not true Stars, 
but Exhalations gathered together in the Air, ſud- 


rakes : Notwithſtanding, if Comers and 
New Sters, more durable than others, appear (which 
often happens in the memory of us, and of our Fa- 
thers ) it will be the Office of  A/tronomers alſo to 


2 diligently into the Scituation and Motion of 
1 ' | re ery fe | | 


8. Laſtly, That which pertains to the Figure of 
Stars, fit very likely that they are Globous. 

For the Body of the Sun, of the Moon, and of 
aber Stars, if we behold them accurately, Senſe 
Demonſtrates them to be Circular, as in Fig: 129. 


and they a not only Plane Circles, but every way 


Round or Sphærical Bodies, as appears in the Moon: 
For at what time and place ſoever of Heaven or 
Earth tis beheld, it never appeats not round, which 
cannot be in a plane Figure, which being changed, 
even as tis by any one beholding it from a lower 
place, it changes its Place, and its Site or Poſition : 
And why they ſeem to us to be Plane Superficies, 
notwithitanding they 


CHAP. 


vaniſhing, and therefore to be remitted to the 


are Sphærical Bodies, we ſhall 


Br 
. 
/ 


jus immun APA), baut 


CHA r. Ww. 5 1 6 

nn Kinds 
af and Quality of Þ od . . 111.7 

LL Stars move eirber tri path, 

aud indeed by a Grculur or return. 

ing tu themſelves, es the Sight of 1 the 55 wir ne /⸗ 


eth. 
1 1. For all Stars which Riſe aud Set by a Diur- 
nal: Motion, aſcend from the Eaſt to the eſt 
part, and from thence deſcend by the like velocity 
to the Welt, and returning in the fame manner, 
_ their former courſe : Which fince tis done 
only by Circular Motion, and finiſhed, may 
be reduced in the ſame manner; it follows, that the 


Motion of the Stars is Circular, or returning to 
themſelves. Eig. 132. 


5 Alſo becauſe Stars nigh the Pole always a 
ng, teſtifies it: for theſe deſcribe ir- 

— — the Poles. by a Diutnal Motion, which is 
_ <A — chat they are moves Circu- 

-4 And the Motion by, the Stars is two fold, Com- 
mon . Pre 2 i 

2. Common. whic olfo is Diunnial,ov 
and is called Prime, 2. whereby the Do 155 
tion of the Stars is exerciſed, by force of the firſt 
Ajoveable, to which this Motion in the firſt wy 
enters, and is turned about * from Ea Bal roi 
mn 24 Hours. or in the Space fs Day an doug 

Therefore concerning this Motion no Body doubts, 
ſince tis expoſed to the Eyes of every one; whence 
alſo it wants no Demonftration : But concerning the 
Subject of this Motion, to which it chiefly belongs, 
whether or no it be true, or that the fallacy is gran- 


. ted 


potbeſes of the daily Motion of the Stars, and the 
relting.of the Earth in the Center of the World, al- 
lowed: by the Judgment of the Eyes, to which alſo 
the Style of Holy Writ 

4. The proper Motion of the Stars, which is alſo 
called the Second, is that by which the Fixed Stars 
altogether, but the Planets every one fingly, and with 
reſpet to the former, proceed comrarily by oblique 
Motions from the Weſt rowards the - Eaſt, Aus 
to the order of the 12 Heavenly Signs. 

1. All Stars demonſtrate this Motion, which pro- 
ceeds leiſurely ro the Eaſt; or Oblervarions teſti- 
fe that tis made by the Oriental, by little and lit- 
tle, in the Diurnal Revolution : Or that which is 
moſt noted in the Moon, Fig. 13 1. for it in the New 
Moon, ſets rogether with rhe Sun in the Evening. 

But three or four days after, tis beheld from Sun 
ſetting by a longer Interval towards the Eaſt: whence 
tis daily to be more and more Eaſterly; un- 
til Sun ſetting the fourteenth day, it at laſt appears, 
and ſhews it 1elf above the Horizon Eaſternly: The 
ſame is obſeryable as well in the Sun as in all other 


Stars: 
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Stars: The proper or ſecond: Motion therefore of 
the Stars, is from the Weſt to the Eaſt, being-op- | 
polite to the firſt Motion: But fince they | 
not always in the ſame Parallels, and EX they 
Declinations variouſly, 55 * * places 4 | 
thoſe only through which the ac with its 12 
Signs marches:: Tis alſo manifeſt chat theſe'ſeebat 
Motions are made according to the order of the 
Signs, £7 +4 „N Th BY 
2. And they are always coined 10 the firſt ITY 
on, "2nd Io lr wich it, that they cannot be Npa- 
rated from it, unleſs b Imaginstion: Whetice alſo 
in explaining the firſt Motion, mention alſo ought 
10 be made of the ſecond ; which ouglit not to be 
blamed, for thoſe things which Nature hath con- 
joined, the Method cannot be ſeparated. ä 
5. And whether or no this Motion 75 the Starr be 
equal, or unequal, is doubtful a onomers. 
Indeed it appears to the fight to he unequal, while 
ſome Planets proceed one while ſlower, another 
time ſwifter, one while kigher, another while low- 
er, ſometimes they march, at other times ſtand 
till, or alſo we diſcover them to go backward : But 
this is thought many times to be by reaſon of the 
many Circles and Orbs, and the diverfity of Centers, 
which Motion can be equal only about the proper 
Center; from whence the Heavenly Motions, to 
thoſe that live on the Earth, and behold them from 
another Center, ſeem unequal, which are moſt equal 
uy: one in the Heavens about its Center, and its 
Oles 
But fince the Ratios of Phyſicks, of Aſtronomy, 
and of Opt iche, do not admit of real Orbs, . 
vers Circles; and the diverſity of wee and of 
Poles, appearing unequal in a all can ſcarcely be ex- 


cuſed: There is found out among many Moderns, 
eſpecially thoſe which eſteem the Sun in the Center 
ot 
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of the World, for the Fountain not only of Light 

and Heat, but alſo of all Motion, which alſo admit 

of ſome inequality in the Motion of the Stars, and 

will haye thoſe Stars to be ſwifter that are nighett 
to the Sun, and to be flower by how much the more 
they are remote from it: Nevertheleſs Whether 
true or apparent only, they think that there is in- 
equality in the Celeſtial Motions. 

6. Iet tis moſt certain that they are not Irregular, 
and toit haut Order, but are moſt Regalar, and in Or- 
der : Which ir evident from this. 

1. That the. Stars always abſolve or compleat 

their Circuits, in fix'd and like ſpaces of times. 
2. That after the whole Period is compleated, 
they run back again the:ſame Anomaly, in the fame 
A, by a moſt conſtant Equality : There- 
ore the Motion of the Heavenly Bodies muſt needs 
be moſt Regular and Ordinate. 


This is all we ſhall ſay of Phyſical Hyporheſes. 


_—y 
9 


CHAP. v. 


Of Geometrical Hypotheſes of Spherical Doctrine, 
to wit, of the Primary Celeſtial Circles. 


L.CF\AIRCLES indeed there are none in Hea- 
ven, ſince all its parts are every where moſt 
like to it ſelf, yet by Imagination we are not hin- 
dred to aſcribe certain Circles in the Heaven, as well 
to diſtinguiſh the Site, as to deſign the Motion of 
the Stars. N 
2. Theſe Circles Aſtronomers divide into 360 
Parts or Degrees, every one of which they ſubdi- 
vide into 60 Scruples, or Firſt Minutes, and each of 
ques the 
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the Firſt Scruples into 60 ln 


Thirds, a Third into 60 Fourths, & ct. t 
For becauſe Heaven is Large, it is not ſufficient to | 
to Stars their Circles ʒ but alſo it muſt be ſheum what of t 


Circle they are in : To the ſhewing of which the 

Diviſion ſeems moſt Commodious, becauſe of its many Ali 

Parts or Multiplicities. 

, z And of theſe Circles, ſome are Greater, otbers 
er. 

4. Greater, are thoſe which paſſing through the 
Center of the Earth, divide it into Two equal Parts, 
Leſſer, are thoſe whoſe Centers are Divers from the 
Center of the Earth, and therefore cut it into Two 
unequal Parts. 

But whether they are greater or leſſer Circles, yet 
all of them are divided in the ſame manner into 360 
Parts, and each Part into 60 Scruples ; all which 
parts therefore are not indeed equal, yet they are 
alike, or Homologuous and Proportional. 

5- Aſtronomers in Spherical Doctrine, number Ten 
Primary or Chief ones, of the Greater and of the 
the Leſſer Circles, which are, 

I. The Eguinoctial. 5. 6. The Two Colures. 

2. The Horizon. 7. 8. The Two Tropicks. 

2. The Meridian. 9. 10. The Two Polars. 

4. The Zodiac. | | 

Of theſe the fix former are uu Circles, and the 
tour latter, ſmall or leſſer Circles. 

The Meridian and the Hor:20n, in reſpect of one 
place, are appointed Immoveable : The reſt in the 
common Morion of the Stars are underſtood to be 
turned about together. 

1. Of the Eguinoctial. 
5. The Equinodctial, which is alſo called the Equa- 
d. is a Movable great Circle, deſcribed from the 
Cem 'r of the Earth, dividing the Heaven and the 
Ear in the Middle, into the Northern and Soutl- | , 
en, Parts : According to the leading of which, - 
| hole 


A 


— 


* 
nuner g otars ſeem ts be turne xt from 
* Eaſt into 15 Weſt. | jr 
1 Parts or ees of this Circle are wont 
to be called by: the peculiar name Iimes, becauſe 
they meaſure: and Hours. 

2. In it are:confidered the 4x:s and Poles thereot. 
. Axis, is a Right Line drawn by Imagination thro' 
the Center ot the Earth, from the South into the 
North, and Terminated at the Extream of Heaven on 
both tides. 

Poles, are the two Extream Points of this Axis, 
diſtant 90 Degrees, or the Quadrant of a Circle from 
the Equator, ( as are the Poles of all greater Circles 
from their Circles ) the one being Northern, is cal- 
led the Arctic, or North Pole; and the other, being 
Southern, is called the Antarctic, or South Pole; a- 
bout which Poles the Immoveable Stars are ſeen to 


turn daily, fee Fig. 132. Whence alſo that Axis, and = 


theſe Po/es, are accounted for the Axis and Poles of 
the whole World: In this Scheme the Circle ABCP 
is the _ whoſe Axis EF paſſes through the 


Center 
2. Of the Meridian. 
7. The Meridian, is an Immovable Circle drawn 
through the Poles of the Equator, and the Vertical 
Pozat of any place, Fig. 133. 


Whence it appears, that there may be conceived 


not only one, but ſo many Meridiane as there are 
Vertical Points, or diftinct places, that happen in 
towards Eaſt or Welk ; that is in Numder: 
or a Vertical Point, is that which hangs over our 
Heads in any place, and in Arabick tis called Ze- 
nith, and its oppolite Point, the Nadir. 
29. Of the Horizon. 

8. Horizon or Finitor, is an Immovable Circle, equi- 
diſtant from the Vertical Point, and either Termina- 
ting our Sight, or droiding the whole Earth, and with 

Ys it 
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it therefore the Viſible World in the Middle, into 
the upper and lower Hemiſpheres, 


Whence it appears, 1. That the Horizon is two: 
fold, one of which is Vi/ible, Terminating the 12 
on every ſide: The other Rational, parting the Hea- 
ven and the Earth in two in the Middle, not com- 
prehenſible by Sight, but only by Reaſon. 


2. And ſeeing the Horizon alſo depends ona Ver- 
tical Point, tis neceſſary likewiſe that there ſhould 
be ſo many Horizons, as Vertical Points, numbred 


as well from the Eaſt into the Weſt, as from the 


” *, South into the North, Fig. 134. 


Of the Zodiack. 


9. Zodiack or Signifiet, ie an Oblique Circle, in- 
terſedting the DT in two places, and declining 
from the ſame, by one half into the North, by the 
other into the South; under which the Planets are 
perpetually converſant : The Sun indeed always 
marching under the middle of the Ecliptic Line; but 
the reſt departing alſo to the Sides of the Same. 


1. This therefore is the only Circle that hath 
Latitude, almoſt of 20 ( of which its Lon- 
girude hath 360 ) being Ten Degrees on each fide 
trom the Ecliptick; to wit, as much as the Pla- 
nets march hence from the Middle Line in their 
greateſt Longitude. | 


2. This Middle Line the Sun deſcribes by its 
proper nes, nn for that reaſon is called 
tne Way and the Orbit of the Sun; likewiſe tis 
called, The Ecliptic Line, becauſe the Luminaries 
the San and Moon are Eclipſed in it, either by Con- 


function or Oppoſition. 
78 3. And 
FE 
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3. And the Zodiat or Ecliptic alſo hath its Axis 
as Poles, about which the Planets finiſh their Con?- 


ſes in the; ae, of them is North, and the 
ether is Souch, each diſtant from rhe neareſt Pole 

of the 755 ' © much as the Zodiac by its 
rag 9 15 me trom the * fe. 22 
L3H I. rab. U 5 


As in this Stheme, the Sie ABCD. is che E: 
tor, whoſe Axis E E, paſſes through the Center 
But HID is the Zodiac, ; whofe Axis is K L: 
And. the Poles K and: L — — diſtzot from the 
Poles of the _— E awd E as the Points of the 
Equator and of the Zodiac 4d H, or I and & ate 
tetuovedt from ont another : Fer A F and HL are 
Quadrants, (becaufe the Poles ate-atways diſtant 
ttom their Girctes by 4 Qualrant) amd thęreforg = 

always equal: The common Portion A L bei 
ken away, the-remainer A A, is the diſtance. ths 
Equator, and of the Eclipric Alſo LE, the dittance 


6 the Fotes, are equal. 


4 More: cover the Zodiac alſo is divided into 11 
10575. tobich are called the 12 Celeſtial Signs, from 
be 12 2 Conſte{lations which bave been in time paſt it 
theſe pute g the Name of eve 3 one of which Parts 
is as yet retained, although the Conſtellations have. 
left thoſe ancient or former Seats, and have removed 
no fglowing Places. 


5. | Theſe 12 Parts or Signs, are alſo the aforcſi 1 
mentioned Conftellations ; z of which te Names ax 
Naes are 1. 


Y Aries.” x K 15 | 1 Sagittary. 
Taurus. { w Virgo. I Cepric Mak. 
I Gemini. = Libra: | 2 AUdITAS. 
Cancer. n m_ * Pſces. 


6. In 
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6. In theſe are noted four Cardinal Points, which 
are, 1 of arie 
5 [OD Of 7, — | 
Of Capricorn, 


The troo former, the beginning of Aries and Libra, 
ate in the Points of Interlection of the Equator and 
the Ecliptic Dand B. And the two latter, in the 


Points of — wg or of the declina- 
tion of the 'Ecliptic from TY Equator H and I: 


Theſe, viz. O 7, o A, — I Equinottial 
Poi nus; the fitſt indeed the Vernal, whence the be- 
ginning of the Zodiac is ;/ the latter 42 
tumnal, becauſe che Sun being in them, which is a- 
bout the Tenth or Eleventh of March, and the 
Thirteenth or. Fourteenth of „makes the 


8 and the Days and Nights equal in all-the 


3 theſe, to wit, > and o w, are called Tro- 
ical and Solftitial Points; the firſt indeed pertain- 
to Summer, the latter to Winter; z becauſe the 
Sun being Conſtituted in theſe, as it were fixes his 
Foot, and either begins to depart from us, or to 
return to us, which is about the Eleventh and 
Twelfth of June, and the Eleventh and Twelfth. of 


December. -- \ 

7. And theſe Signs are diſtinguiſhed variouſly. 
(be Spring. I 48 u. 
I. Into four) Summer. N wm. 
Quadrants of-) Autumn. (N 2 

Winter. * = X 


For the Sun being conſtituted in theſe Signs, 
makes theſe Four Selon of che Lear, the Spring, 
Summer, Autumn and Winter. 


2. Into 


ces. „ f 
2. lu Draw: North 5+: 
| T Southerh 1 I 


SL 


in he Mite | 
by or throggh thaſe, the &, 
1 h into the 51 S greek 
oa the 2 Gogft ita the 1 


4 e 


diſtant from — 5 2 15 


5 


SM X, 


_ nc, hich, of a 


tg. 135. ad Seas erg / 
Conjunttions Of the three ſupetior 


which Aſtrologers call vated) Fry of which - we 10 
oy more hetcaftes. ' Es. 


J. Laſtly, we muſt Note, that the whole Heaven 
is = into * ay finger? by Six great Circles paſs * 


fing through innings, and through the Poles 
| of the Eclipric, r 15 king, are 


called Signs ; And in this manner 211 are re- 
fexted to certain Signs, as well within, as without 
the Zodiac, which are comprehended under ſeme of , 
theſe Parts: Fig. 136. 


5. 6. Of the Cotures, 


ra. Cotures, are Circles drawn throu the Poles of 
the Equator, and the Cardinal Points of the Zodiac. 


The former of theſe drawn rough the Ii. 
Fial Points is called the Equiriorxe Colure ; The lat- 


ter, paſhng thro the tial Poines, is called the 
Solft ice Colure. | | 
T 2 Fig. 


* np 
* 
E 


lels of t 


— 


11. " Tropicks, « are two ru: Griles REN Paral. 
tel to the Equator, through the Solftitial Pointe of the 
Zodiac. 

2 therefore is the 83 of Concer, which is 
gk of ers, wh : The other, the 
Trop ore of * wich. is i drann through the 

i of the Polar Cycles 
12. The tio Polar Circles, are leſſer Circles drawn 
Parallel * the "Equator, through the Poles of tbe 

Ecliptic | 
erefore one of the Polar Circles is the Ardic, 
which paſſes through the North Pole of the Ecli 
Ne 
— Pole of the Ecliptick. - — wr hg 
mong the Antients, the 125 of the Polar Circles 
Ir 222225 them in- 
deed el to uator, but paſſing through 
he Interſections of the Horizon, and of the Meri- 
ian. 

In Fig. 138. Is a Scheme of the Principal Paral- 
1 Equi noctial. 4 * 

A BC. 13 a Colure, A Can Oblique 
Horizon, or of an Oblique W cram DE the Ecli 
tic, DF and G E, the Tropicks of Cancer and 
pricorn, equally remote from the Equator, which is is 


placed in the Middle : H the North Pole, I K the 
Arctic Polar; L the South Pole, AI N the Ant- 


| arctic Polar: Of the Moderns A O. touching the 


Horizon 
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Horizon in A, is the ArQtic, CF, touching the lie 


rizon in C is the Antarctic of the Antients. 1 


+ 


— — 


CHAP. VI. 5 
Of the Secondary, or Second Sort of Circles. 
Rrificers have added ſome Secondary Circles 
to the Prime Circles rehearſed before; of 
which there are Circles. eee wet 4; 
1. Of Declination, | 5. Of Celeſtial be ou 8 


2. Of Latitude. 6. Parallels of the Equator. 
3. Verticals. 7. Parallels of the Horizon. 
4. Of Poſition. 9 1 25 


2. Circles of Declination, are thoſe which are un- 
* derflood to he drawn through the Poles of the orid, 
and any Point of Heaven. 5 
The Principal of theſe is the Meridian of any 
place, and from the number of them, each Colure. - 


3. Circles of Latitude, are thoſe which 2210 thro 
the Poles of the Ecliptic, and any Point of Heaven. 

One of theſe is the Colure of the Solſtices, which 
is drawn, not. only through the Poles of the World, 
but alſo of the Ecliptic. 


4. Verticals, are Circles which deſcend from the | 
Vertical Point of any Place or Zenith, to the oppo- 
ſite Nadir, thro' each Point of the Horizon. 


Again, of the Number of theſe is the Meridian 
of any place: the others are called by the Arabians 
Azimuth : Although they alſo call by this Name, 
the Arch of the Horizon, intercepted between theſe 
Circles, and the next 5 or Equator. 5 
# "2 5. Cir- 


5. Citcles wf Po — as _ 
iecles f PO t 
th Seflions * the Mori son and th Meridian, nil 
4 n Point of Heaven. 

he 1 eſe are the d 1 and the Me. 
ridian o 

6. Circles Co Eeſti Bother? are thoſe which 

pol ira he Frifienc of eie ante, Meri- 
dian, and each 30 Degrees of the Equator, in nun- 
brin from the 7 Fe and ſeparate the Heaven 
imo 12 \Parth Houſes, 

Theſe Circles il ng no thing hen Citges of Po- 
firion, but that theſe gh any Point of 
Heaven, but the Circles 1 the Caleſtial Houſes be- 
gin from the Hoxizon on the Eaſtern Part, or as tis 
caled from the e . and hence by — 
are conveyed throu lower Hemiſphere, and 
any thirtieth Degree 20 the Equator. 

7. Parallels of the Equator, are Circles equid:- 

aur from the Equator on both fides ; of the number 
of theſe are the Fe Tropicks, and the olar Cireles, 
end others called thi Circles of Natural Days, offing 
through each Degree of the Ecliptic, which the Sun 
ſeems to deſcribe daily ; the Limits or Bounds of which, 
are the two Tropicks. 

8. Parallels of the Horizon, are boon through 
each Point of the Vertical Circles, equidiſtam to the 
Horizon. 

Theſe Circles are called in Arahiet, Almicen- 
thars ; Alſo Circles of an which as are alſo 
the Parall els of the Equator ; by how much further 
they are removed from their Principal Circles, the 
Horizon, and the Equator, they become leſſer until 
tit laſt they end in Points 4 which in Parallels of the 


Jes on are the Zenith and Nadi; but in Paral- 
wY the Equator,. the two Poles of the World. 


That far of Geometrical Hypotheſes. 
TE CHAB. 
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CHAP. VI. N 
of « Material Sphere, and Fg Globe, the 


s of Spherical Doctrine, and the 
general Uſe and Direction of them. Fig. 139. 


I. A Material Sphere, or an hollow Sphere, made 

| wp only of the Circles, is any Effigies of the 
Mundane Sphere, made Artificially of Circles, by 
which, and by Aftronomical, and Cæleſtial Hypot he- 
ſes, from the _furſt movent, are the Explanation of 
the common Dependency of all the Stars; and in the 
lanation of Spherical Datrine, they are made 
ubje to the Eye, for the ſake of greater Declara- 
tion, and more evident Demonſtration. 


2. A Celeſtial Globe, in like manner, is the Image 
of the Starry Heaven ;, beſides the Circles, it ſhews 
alſo the 2 the Stars in their Magnitude, 

roportion, and Diſt qnce each to other. n 

For thoſe in the Heavens remoteſt from us are 
ſcarcely taken, but by aſſuming not only Geometri- 
cal Hypotheſes, but alſo we are help'd by meet 
Organs and Inſtruments, fince they preſent the 
2 to the Sight, and as it were to the 

44 | | 


And although divers Inſtruments.. of this ſort 
have been. Invented by Artificers, and always new 
ones may be found out, yet the moſt Noble, Ca- 
tholick and Univerſal, are the Globe, and the Ma- 
terial Sphære, which we chuſe to uſe, as being eve- 
ry where moſt obvious. 

2. And the parts of both, as well.of the Material 


Sphere, as of the Heavenly Glube, are, the Ceiiter, 
ibe Axis, the Poles, the Circles. 


T4 4. The 
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* ny, 
or Globe, reſembling the. Earth 


The Center, is the middle point in a Sphere, | 
2 tohich, as from \ 
an Cp;ic Center, we contemplate 'the” Heaven. 1 


5. The Axis, 1s a Right Line drabm through the 
Cent er of 7 he Sphere, or Globe, * to tbe Circumſer- 
ence 3 about which the Globe pr. Sphere ir turned 
round, repreſenting an imaginary Line drawn thro 
the Center of the Earth, from one Extream of Hea- 
ven to the other; about which the Starry Heaven, is 
underſi aod to be turned round, by the firſt Movent, 
or Motion, even as a Wheel about its Axis, © 


6. Poles, are the Extreams of the Axis, repre- 
{ening, as it were, the two Cardinal Points 7 the 
Vorid, about which Immoupables, the whole 1 cir 
Syſtem ſeems to be turned round; one of which, 
being in the North, ts called the Arctic; the other 
towards the South, is called the Antarctic Pole. 


Thar, jn N is next to the laſt Star in the 
Tail of the lefler Bear, which is called the leſſet 
Bear Star, as alfo the Fole Star: But this, that is, 
the Antarctic Pole, is converſant in a vacant place 
of Heaven, oppoſite to the notable fixed Stars. 
But on Earth the North Pole is from hence be- 
yond the Icy Sea, which is behind Deamark, Nor- 
way, and Tartary, in an unknown. place; the South 
Pole in the very middle of the nick Earth, 
as yet alſo unknown: - | 
7. The Circles” made in a material Sphere, or 
Painted an a Globe, are chiefly 10, reckoned up at 
before, ET r 
1. The Horizon. 2. The Meridian. 3. The E- 
guator. 4. The Zodiac. . 5. 6. The Two Colures. 
. 8. The Two Tropicks. 9. 1d. The Two Pa- 


dre. 3 
| Theſe 
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_ Theſe ſhew or reſemble certain Tracts of Hea- 
yen, of which ſome of them otherwhile is divided 
itormly, in parts diſtinct to the places. 


8. And although we have ſaid before, that there 
ere innumerable Horizons and Meridians, according 
to the variety of Vertical Points; yet one Horizon, 
and one Meridian is ſufficient to all places in a 
Sphere or Globe that turns, and may be moved about 


by ones hand, to any Vertical Point. 


9. Beſides thoſe Primary Circles, there is uſual! 
a in Gier. Ore Cl Latitude, and f 
Declination, or. likewiſe moveable Semicircles, or 
Quadrant of Braſs, paſfing about the Secondary (ir- 
cles by Turns, to wit, the Vertical Circles, the Cir- 
cles of Poſition, the Circles of the Celeſtial Houſes, 
and the Circles of Latitude and Declinat ion. 


10. Alſo to our North Pole, there is uſually af. 
fixt an Hour Circle, divided into twice 12 Hours, 


having an Index on it, turning about together with 
the Globe. | 


17. Laſtly, on the C:nvex Superficie of the Globe 
there 1s aeſeribed the aforeſaid Afleriſms, or 48 
Starry Images, obſerving the Proportion of Magni- 
tude and Diftance, which the Stars are diſcovered 
to haue between themſetves in the Heavens. 


12. And in the uſing of this Celeſtia! Globe, tuo 
things are required. © a 


1. Its ReQtification. 
2. Its Uſe. 


13. The Recliſication of the Globe is this. 
| 1. Toe 


232 
1. The Globe 


2. The Artic or North Pole 
each place requires. 


Which Elevation is here at London 51: 22: 
And for other places, the Etevation of the > iy 
to be ſought from Aſtronomical, or. Geographical. 
Tables, under the Title of the Latitude of the 
Place, which is the ſame with the Elevation of 
Pole; or if theſe be wanting, you may find it from 
Geometrical Maps. | 3 


muſt be Elroated, ar 


3. The place of the Sun in the Ecliptic muſt be 
ſought to 2 day given, not exattly, but alſo with 
Some Latitude. 


1. From ſome Diary oe Journal, or by an Almanack. 


For in theſe, is noted the day 7 the Suns En- 


trance into each Sign of the Zodiac : Hence there- 
tore, if for any day following, you number one De- 
gree to the day propoſed, you will arrive at the De- 
gree of the Sign ＋ odiack, which the Sun en- 
ters on the given day. 1 | 


2. From the Circles of Months and Days of the Year, and of 
the Signs and Degrees of the Ecliptick. | 

Theſe Circles are ſeen in the Wooden Horizon of 
Celeſtial Globes, and elſewhere, in which the 
Months and Days of the Year, with the Signs and 
Degrees of the Zodiack are placed. 


In theſe therefore, it you ſeek the given Day of 
the given Month ( for which notwithſtanding in 
the Leap-year, or Biſſextile, after the Twenty eighth 
ot Tebrausy you muſt take the following day next 
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sr 


ven, der 
eh is uſually ruft 
and is omitted in theſe Circles of the Hori- 
on) you will alſo find aſcribed the Degree of the 
Sign of the Zodlack, in which the Sun is conyer- 
fant the given Day. 


* The Degree of the Sun being found, and noted 


on the Globe by a certain mark, ſuppoſe in the Me- 
3 | N 


5. To the ſame npper part, or the Twelfth Me- 
. ridian Hour, in the Hour Circle, the Poſition of the 
Globe being mt. changed, turn likewiſe the Hour 
Index hence, together with the Globe, to any Hour 
of that Day, to .be transferred eitber before or aſter 


00N. 


14. The wſes of the Globe, rellified in this man- 
ger, are - G1 or Special. 
15. The General are, : 


1. That the Hour Index being conveyed to any 
Moment of the Hour Circle, the Face of the whole 
Heaven, and che Poſition of all the Fixed Stars at 
the ſame Moment of time is underſtood. 

2. Bur in the Night, the Hour Index being con- 
veyed to the Hour, or the Moment of it, in which 
you have decreed to Contemplate the Stars, you 
will have not only the whole Conſtellations, but 
alſo each Star ( approaching by the frequent Exer- 
ciſe, and on every ſide obvious Catalogues, in which 
is ſhewn each Star of every Conſtellation, by dili- 

ent Inſpection) may be known, with the Stars of 
eave t anſwer to the Fixed Stars painted on 
the Globe, cutting Perpendicularly, according ta 3 
Right Line. | 


N 


1 g. Tie 
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16. The Special »/es of Globes, are, 
That by the Benefit of them, the Site and Motion 
of the Stars are not only eafily underſtood, but al. 
ſo uſing the Compaſſes we may meaſure them, as 


* 


I we were walking among thoſe Stars: 


. Of which Uſes we ſhall ſay more in that which 
follows. | | 


— — — 


CHAP. VIII. 


Of the Various Sites of the Stars, and other 
Points of Heaven, to the determining the 
Circles of Heaven, and of the Globe. 


FI Stars, although they. are in continual Mo- 
tion, yet oftentimes the Site or Poſition of 
them is ns in ſome Moment of Time, with 
reſpect to a certain place, as if were fixt there 
in a perpetual Seat : And there are are divers kinds 
ot theſe Sites. | 


1. The Altitude of the Sun, or of a Star, or of 


any Point of Heaven, is an Arch of the Vertical 
Circle, intercepted between the Horizon, and the 
groen Point of Heaven. | 


[t is always increafing, until the Sun, or Star, or 
any Point of Heaven come to the Meridian, in 
which it arrives to the greateſt height of that 
Day, from which Moment it begins again to de- 


creale 


2. The diſtance of tbe J ame gfuen 2B: from 
I 


the Vertex. is an Arch o ertical Circle, in- 


tercepted 
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1 between the Point given of Heaven, and 
the Vertex. % | 

And it is the Complement of the Altitude to a 
Quadrant; which. Altitude, if you take from 90 
Degrees, you will have the diſtance from the Ver- 


3. The declination of any of the Points of Hea- 
ven, from the Equator towards the North or South 
is an Arch of the Circle of Declination, intercepted _ 
between the Equator, and the given Point of Heaven. * + 
Fig. 140. | EN der 

As in this Scheme abc is the Meridian, a/c th 
Horizon, g e f an Arch of the Equator, the Poles 
dand &, bib an Arch of the Vertical Circle, dz e an 
Arch of the Circle of Declination, i ſome Star gi- 
ren, whoſe Altitude will be h i; its diſtance from 
the Vertex i h, and the Declination e i. 

4. The Elevation of the Pole, or the Altitude of 
the ſame, is an Arch of the Meridian, intercepted 
between the Horizon and the . Pole of the Equator, 
or the apparent Pole of the World. 


As in the 140 Fig. d à is the Poles Elevation, be- O 
ing at London 51? : 32 it is otherwiſe elſewhere. . 

5. The Elevation, or Altitude of the Equator, #s 
an Arch of the Meridian, intercepted beitocen the 
Horizon, and the Equator. 


That is, the Complement of the Elevation of the 
Pole to a ant, with us at London 38“: 287: 
In the aforeſaid Scheme, the Arch Fc is equal to 
db, the Com of the Altitude of the Pole 
da, to the Quadrant ba: For d f and bc are Qua- 
drants, deſcribed from their Poles d and b, from 
which if you take away the Common Arch 6, it 
Mu — 1 nor 1 NT and 

c are equal; ſeeing that, om equal things we 
take away equal, or that which is * to the 4 

8 ſums. 


— 


— 


r 


7 
— 2 —— - — — — — — — „„ 3 —— 1 


through 4 certain Point of He 


| nul Equinox, and the Circle of Latitude of the 


the Equator, between the place off 1be Verna Equi- 
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fame, the Remainers that are left will be equal. 

6. The diſtance of the Vertical Circle, either un 
the Meridian, or the Eguinoctial, is an Arch 
of the Horizon, drawn between the Vertical Circle, 


and ether the 
Equator, or the next Meridian. SE 5 
And this diſtance the Arabian are wont to call 
Azimuth, as aforeſaid ; in the former Scheme the 
Azimuth of the Star i, is the Arch ab, or h 4 one 
— is the Complement of the other to a Qna 
. | 
7. The Eafterly, or Orllrve Amplitude, is an Arc) 
the Horizon intercepted between the Eguutor, 
which cute the Eaſterly 7775 of the Horizon ) un 
the Point of the Stars Rifing, or of any Point ei 
__ ET 1 
In the precedent Scheme, the Arch / is the Am. 
plirude Orctive of the point n. In the Weſtern part 
of the Horizon, is nymbred in the ſame manner the 
Weſterly Amplitude: for by how many Degrees 
the Sun, or a Star's Riſing, is diftant in either part 
from the Equator, ” ſo many Degrees alfo, very 
near, it will appear deſcending from the Wett pur 
of the Equinoctial, towards the fame part of He.. 
Ven. | | | | 5 
. The Longitude of à Star, it an Arch of the 
Ecliptick interce ted between the Point of the Ver- 


AY] 111. . 

9. The La!uuds of 2 Star, is am Arch of the Circle 
of Laitude, intercepted betiveen the Ecliptick, and 
the given Stur. IT RET 

10. The Right Aſcenſion of a Star, is an Arch of 


2 and the Cirdle of Declination of the given 
7 ua} '. 8 ; | 
'Tis 
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o aalled, becauſe the Quantity agrees with 
2 + bong 3 which the Seas 
1 have in a t g. 141. — 
h In this Scheme A BC is the Colune of the gt. 

1 ſlices, A D C half the Equator, and the Pole of it B, 
e but EDF is half the prick, and its Pole G Fe. 

Vernal Equinox is in D, und 11 is the given ber 
l BHIis Arch of the Circle of Declinati 
e G H K an Arch of the Circle of Latitude: — 
e fore HI is the Dechination, H K che Latitude, B K 
+ the Longitude, D { the Right Aſcenſion of the 

Star H. 
, 11. The Midheaven, is an Arch of the Ecliptic, 
; intercepted bet wern the Point of the Vernat Equi- 
1 


nox, and the Meri er Circle, paſſing through the- 
given Point of 


Where Note, That it alſo an Arch of the Equino- 
Qial, which with Arch of the Ecliptick, paſſin 
through the Meridian, is ſometimes called the Mid- 
beaver, or the Right Aſcenſion of the Midheaven. 

I the Antecedent Scheme, Fig. 141. if ABC is | + 
taken for the Meridian, D E will be the Midbeaven 
of the Point A. 


12. And ap the Section of the Mwizcs and the 
n or, ariſes the Diver ſity of a Right Sphere, and 
Oblique, and a Parallel S here. 

13. A Right Sphere, is that, in which the Hori- 
zon and the Equator cut each other at Right Angles. 2 


Fig. 144. 

chi Poſition, neither of the Poles is Elevated 
above the Horizon, but both are in the Horizon, on 
which alſo the Axis of the Sphere leans upon. 


14.. An Oblique Sphere, is that in which the Ho- 
rizon and the or cut each other at Oblique Au-. 
gles, at in 1 145. „ * 


If 
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1 In this Pofition one of the Poles is Elevated above 


the Horizon, more or leſs ; the other is deprefſett 
beneath the ſame : And the Axis of the Sphæie in- 
fiſts:on the Plane of the Oblique Horizon. 
15. A Parallel Sphere, is that, in which the Ho- 
igon, and the Equator, cut not eath other, but are 
made Parallel, as if they were United: Fig. £46.. 
In this Poſition, the Pole of the Equator, and the 
Pole of the Horizon; the Zeninh and the Nadir, 
are Joined ; anc the Axis of the phære inſiſts on a 
Plane, perpendicular to the Horizon. 5 
And there is but one Right Sphæte, and but one 
Parallel ; but Innumerable Varieties of Oblique 
Sphzres, in which one of the. Poles is Elevated 
more or leſs : the Cauſe of which Diverſity, is ne- 
ceſſary to be known of young Beginners: Fot the 
Heaven or the Earth is not changed ever and anon, 
fd as now to make a Right Sphere, OL and by in 
Oblique Sphære, and at laſt a Paralfet Sphizre : But 
we, the Inhabitants of the Earth, behold Heaven in 
Divers Manners, from the place of our Habitation; 
tor the Sphære of the Farth is alfo every where 
3 and Heaven every where above or up- 
war ec | 
Therefore they which Inhabit under the Circle of 
the Equator, which encompaſſes the Earth in the 
middle, and is diſtant from the Poles by a Quadrant 
of a Circle: To theſe the Poles of the Horizon reſt 
on, and theſe are faid to Inhabis in a Right Sphzre, 
in which all the Stars Riſe and Set Naily. -, - | 
If we depart from hence, and proceed towatds 
the Nana way: go under anorher Vertical Point, 
and we enter into another Horizon, diſtant alfo by x 
Quadrant from out Vertical Point, even as the Poic 


ot 


a | 
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of the Horizon; (for Poles are diſtant from their 
Circles by a Quadrant) Therefore now we number 
to the Pole of the Equator, or to the North Pole 
of the World; not more than a Quadrant, as before, 
but ſomewhat lefs than à Quadrant, and the Pole is 
ſeen above our. new Horizon, a little elevated, and 
an Oblique Shore is begat, in which the Stars near 
to the Pole do not any more Riſe and Set, but 
make their Circuits above the Horizon; bur the 
oppoſite Stars are carried beneath the Horizon, and 
become altogether Inviſible : And this Elevation of 
the Pole bec lways greater, by proceeding to- 
wards the North, until we come under the Pole it 
ſelf, and then we obtain a Parallel Sphære, in which, 
nothing more of the Fixed Stars neither Riſe nor 
Set, but halt of them are always ſeen above the Ho- 
tizon, and half of them remain beneath the Hori- 
zon, and not to be ſezn : Therefore if trom the 
Center of the Globe we conceive the Superficie of 
it every where 3 even as from the Earth we 
contemplate the Heaven every where above us; the 
Pole is not elevated, which is Immovable, but the 
Horizon is changable; we ing towards the 
North, and proceed ing on in an Immovable Globe, 
the mutable Horizon will come to be depreſſed ſo, 
that the Pole is elevated above it: But becauſe this 
is contrary to our imagination, therefore we accom- 
modate it to our underſtanding, and the Pole re- 
maining in the Horizon; with it we alſo only ele- 
vate or depreſs the Globe. Concerning this thing, 
conſider the 3 Inſtrument, Fig. 142 and 143, 
in which the Rotundity of the Earth, according to 
the Latitude; variety of Spheres, Right, Oblique, 
and Parallel, and all thoſe things which we ſhall 
deliver hereafter concerning Artificial Days, may be 
eaſily underſtood. | 


u CHAP. 


CHAP. IX 


Concerning the common or firſt Motion, being 
conſidered in general. 


T Itherto we have ſpoken of the Various Site or 
H Poſition of the Stars, it follows, that we con- 
fider the Motion of the fame, not in reſpect of one 
or other Star, but of all in gener j. 


1. As therefore the Material Sphere, or Heaven- 
ly Glebe, with the Stars and Circles aſcribed to them, 
may be turned about its Axis and Poles to the Ho- 
rizon on the Eaſt : So kewiſe all the Stars, as well 
the Wandring as the Fixt, exerciſed by the firſt Mo- 
tion, common to all, be turned about the Center, 
Axis and Poles of the World, from the Eaftern _ 
of the World, through the u 1 of the Meri 

an, to the Weſt part of t 1zon, and hence, 
through the lower part of the Meridian, again to the 
Eaſtern part of the World. | 


2. The Center of this Firſt Motion, is the Center 
of the Earth; or rather the Eye of the Beholder on 
the Superficie of the Earth. 

For becauſe the Earth hath no Senfible Proporti- 
on, to the huge Supream Heaven of Fixed Stars, 


and alſo to the Superior Sphæres of the Planets ; 


{o alſo no notable difference ariſes, whether we con- 
ſider the Motion of the Stars, either from the Cen- 
ter, or from the Superficie of the Earth: Although 
this Diverſity, about the Inferior Planets is not to 
be neglected, but ſome correction is to be uſed from 
the Doctrine of Parallaxes; for as much as the Cir- 
cular Motions are not Regular, except to one and 
the lame proper Center. 

2 3. Indeed 
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3: Indeed there are no real Axes and Poles in the 
Heaven, with reſpett to this Motion, yet for the ſale 
of better under anding, we concerve a Right Line; 
inſteud of the Axis and Poles, continued through the 

nter of the Earth on both ſides, to the Extream, 
of the Viſible World, near the. Lefſer Bear Star, or 
the laft of the Stars of the Tail f the Leſſer Bear, 
and continued to the place oppoſnte to this : In the 
Extream of which Ax1s we conceive the Poles of this 
firft Motion, one being the Artic, or North Pole, 
the other the Antartic, or South Pole. 

The Stars going round about this Axis and 
Poles, deſcribe parallel and equidiſtant Circles, thoſe 
which are neareſt the Poles being the leſſer , and 
thoſe which are further of are greater Circles; of 
which the midd/emoſt and greateſt is the Equator, 
being the Rule and Meaſure 
Fig. 147- 

Although theſe Circles ate imaginary, yet they do 
not wholly want a Foundarion ; For it a Mark or 
Sign on a Potters Wheel, be painted with divers 
Colours, althovgh it be t about moſt ſwiftly, 
that Sign or Mark is ſeen to deſcribe an whole and 
perfect Circle; therefore for the ſake of Teaching, 
Circles of this kind are al ſo conceived by the Ima- 
ination in this fuſt Motion. 

5. The Terms of the firſt Motion in which it be- 
gins and ends, are inconſtant indeed in tbe Horizon, 
but more conſtant or certain in the Meridian, in 
which Aſt ronomers for the moſt part begin and end 
the firſt Motion. 

For all Stars of every place are ſaid to be equal 
almoſt in ſpace of time at the Meridian : In the 
rizon tis otherwiſe, becauſe tis varied in eich O- 
bliquity: Therefore although in a Right Sphære, 
the beginning and end of the firſt Motion, may as 
conveniently be taken in the Horizon, as in the Me- 

tl 2 ridian, 
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this whole Motion, 
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ridian, fince the Horizon of a Right Sphare is a Me- 
ridian in ſome place, and the Meridian an Horizon, 
therefore the Ratio is the ſame of both : Yet in an 
Oblique Sphzre, ſome Stars near the Poles, and in 
a parallel — an half part of the Stars, never 
= either under the Horizon, or riſe above the 
e : But thoſe Stars which are moſt remote from 
the Poles in our Oblique Sphære, on the North 
Part, abide a longer time above, and a ſhorter time 
neath the Horizon; but on the South part, they 
abide a ſhorter time above, and a longer time be- 
neath the Horizon: Becauſe of this variety, the firſt 
Motion is not commodiouſly Terminated in the Ho- 
_ but *ris needful that we aſſume the Meri- 
ian. 

6. The Periodical time of the firſt Motion, is com 
monly defined by the Quotidian Revolution of Diur- 
nal Ligit, and of Nocturnal Darkneſs ; either con- 
tinual, if we begin from the Horizon; or cut 
in the midſt, if we begin from the Meridian; or by 
the ſpace of a Natural Day, which we divide into 
24 equal Hours. 

For this cauſe *tis N called the Quotidian, 
or Diurnal Motion; and indeed with reſpect of the 
Sun's returning from the Meridian to the Meridian, 
this Periodical Motion of a Natural Day is exact- 
ly the {pace of 24 Hours; for the Revolution of 
the Sun from the Meridian to the Meridian, how- 
ever ir be, meaſures and conſtitutes the Narural 
Day. divided into 24 Hours : But with reſpect to 
the other Stars, as well Fixt as Wandring, this Pe- 
riedical time is alſo to be taken at all adventure, by 
reuſon that to the firſt and common Motion, there 
is always mingled together without any Cæſſation 
of one or r'other, the proper, or ſecond Motion of 
the Stars, which proceeds under the Zodiack, by a 


contrary way to the firft Motion from the Welt to- 
| wards 
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wards the Eaſt : Therefore the 4 whoſe proper 
Motion is flower than the proper otion of the 
Sun, they do return to the Meridian from whence 
they departed, ſomewhat later; but of thoſe which 
are ſwifter in Motion, they return ſomewhat ſooner 
than in 24 Hours: Bur becauſe the Difference in the 
Superiors is not very great, this Perioq;il time of 
the 55 Motion is commonly wont to be defined by 
24 Hours. hor NE hs 

7. Therefore although the firſt Motion being con- 
 fidered in general, is common to the Exerciſe of all 
. the Stars, yet with reſpel of one and rother, either 
of Circles or of Stars, and alſo according to the Va- 
roxy of a Right Sphere, and of an Oblique and Pa- 
rallel Sphere, it admits of ſome Variety, of which al- 
Jo we muſt Treat. | 


n — —— 
— 


CHAP. x 
Of the Firſt Motion conſidered in the Ecliptick. 


I. OT only Stars, but alſo Circles (the Hori- 

N Zon and Meridian excepted ) are underſtood 
to be carried about by the firſt Motion; among 
which, firſt of all the Revolution of rhe Equator, 
and of the Ecliptick, is remarkable. 

2. The Revolution of the Equator is equal, even 
as the Meaſure and Rule of the firſt Motion in equal 
parts; but of the Ecliptick unequal. 

3. For as much as the Ecliptick is a Circle oblique 
to the Equator, it cannot be, but that the Parts or 
Arches of it meeting with the Equator, aſcend above 
the Horizon, or deſcend beneath the ſame unequally. 

4. For ſome Arches ot the Ecliptic aſcend Rightly, 
others Obliquely. 

5. They are ſaid to aſcend Rightly (as well in 2 
1 U 3 Right 


— 
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Right, as an Oblique Sphzre ) with which a renter 
Portion of the Equator aſcends, than is obrained in 


the Ecliptick, but thoſe Obliquely, with which a 
leſſer Portion of the Equator alcends. | 


6. This Inequality is Examined, according to the 
Aſcenſions and Deſcenſions of the equal parts of the 
Equator, "ts would have only a certain knowledge 
of thoſe zs Which depend on the Ecliptick; 
whence the Pockrine concerning the Aſtronomical 
Riſing and Setting, or of the Aſcenſions and Deſcen- 


ſions of the parts of the Ecliptic, pertaining to 
Aſtronomy, is begat. 


7. And the 39 or Deſcenſion of the Parts 


of the A/tronomical Ecliptic, is an Arch of the Equa- 

tor, which aſcends with any Arch of the Ecliptick, 

_ above the Horizon, or deſcends beneath the 
e. | | 

8. And it is either Continual or Parted. 

9. Continual,is that whoſe beginning is taken from 
the Vernal Equinox : Parted, which is began from 
any other place. 5 

10. Each is either Right, which is numbred in a 
Right Sphare : Or Obligue, being numbred in an 
Oblique Sphære. 3 

In Parallel Sphere, by reaſon of the firſt Mas ion, 
no portion neither 4 the Ecliptic, nor of the Equa- 
tor can Aſcend or Deſcend, p 3s the Horizon, and 
the Equator are united, for the batves of the ſa clip- 
rick always remain, the one above, the other beneath 


the Horizon, and the whole Sphere is turned about 
even as @ Milſtone. o 


2. And we muſt Note bere by the way alſo, tbat 
there is a Difference between the Right Afcenſion, of 
which we treat bere, and that which we have defined 
before at Ch. 8. Num. 10. they agreeing in Quantity, 
whence ao they bave the common name, Difference ; 
becezſe the Right Aſcenſion, concerning — we 
3 AR Bo er Fs, 5 | real 


B I ry 
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Treat of in this place, is numbred only in the Hori. 
zon of a Right Sphere : But that, in the Circle of 
Declination is as well of a Right, as of an Oblique 

11. refore concerning Right Aſcenſiont, as alſi 
of Deſcenfions, the following Rules are to be * 

1. The Quadrants alſo of the Equator aſcend with 
the Quadrants of the Ecliptick, beginning from the 


) 


4 f n of 


Cardinal Points, o, Y = & and W. Fg. 143. 


2. In Fig. 149, The Parts of thoſe Quadrants, or 


alſo whatſoever Quadrants are elſewhere, by 
how much nearer they are to the Equinottial Points, 
they have a leſſer portion of the Equator Coaſcend- 
ing, and by how much furcher off they are, they 
have a gail. pv of the ſame Coaſcending. 
3. Alſo equal Arches of the Equator aſcend with 
two equal Arches of the Ecliptick, and equally 

diſtant on each part from any af the tour Cardinal 
oo Oppoſite parts of the Ecliptick have equal Aſ- 
cenſions: for Example, the Signs Y & =, & & N. 
5. The Aſcenſion of any of the Ecliptick, is 
as. to the Deſcenſion of the part oppoſite to its 


ſelf. 

12. Of Oblique Aſcenſions, and Deſcenſions, theſe 
are the Principal Rules. 

1. The two halves of the Ecliptick began from 
the EquinoQtial Points, have alſo the Halves of the 
Equator Coaſcending, BEN 

2. The Parts of theſe Halves, or al ſo of any other 
Halves began elſewhere, have not equal Aſcenſions 


of the Equator , but either they have a greater, or 

a leer poor of the Equator ran See x 
j 5 ; 6 Fi \ 

3. The Arches of the Ecliptick parted, by how 


Fig. 150, and 151. 


much they are nearer to the Yen point of the 
Equinox, they aſcend the more Oblique ; by how 
U 4 muck 
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much 4 ny nearer to the Autumnal Point of the 
ey aſcend more Rightly. 

4. The Nl ns Aﬀdencus of: the parts of the 

tick, eq - $-- from one of the Equino- 


Edi 
Gal paltry 
5. The x Aſc — of; part of the Ecliptick, is equal 


to the Deſcenſion of the oppoſite 
3. And from the comparing 255 Right and Oblique 


A cenſors, is begat the Aſcenſional Differences, by 
which the Right and Oblique Aſcenſion differ between 
4; 
4. Thoſe in Northern Signs, being taken away 

7 * * Right Aſcenſons, produce ts Obligug A,, 
cenſions; and they produce the ſame by being added 
..., Thereto in Southern Signs. See Fig. 152 and 153. 
In theſe Schemes, A BC is the Horizon belonging 

to the Eaſt, D E the RR, L FGH a portion 
of the Ecliptick, K the North Pole, K G L the Cir- 
cle of Declination : The Right Aſcenſion then of the 
portion of the Ecliptick G H, is H L, which the 
Circle of Declination K G L determines in the 
Place of the Right Horizon: But H B is the oblique 
Aſcenſion, and B L the Aſcenſional Difference to be 
taken from H L in the former Scheme, in which 
HG is on the North part; but to be added to it 
in the latter, in which H G is on the South nyo, 
to make the Oblique Aſcenſion. 


— 
— 


C H A P. XI. 
0 the 2 Motion, n in the Sun. 
1. HE Firſt Motion of the Sun may be con- 


ſidered two fold, either in reſpett of the 
Horizon, c or in n reſpett t the Meridian. 


2, In 


= be firſt Moder 

2. In reſp the Horizon, by its I 
as 2 N Light, it conſtitutes the Day, cal- 
led Artificial, and the N Night : The Day, 
as long as the Center of the Sun, being above 
Horizon, enlightens our Hemiſphere with a clear 
Light: The' Nzght, in which the Center of the Sun, 

ing beneath the Horizon, Darkneſs approaches; 
which are er us to whom the 
Sun daily Riſes and ) of which the Natural 
Day is compounded, which is Limited by one Re- 
volution of the Sun, and is divided into Twenty 
Four Hours. 

This is thought to be called a Natural Day, be- 
cauſe *tis produced by Nature : But the Artificial, 
not becauſe it is from Art, but becauſe *tis accom- 
nodated to the Exerciſe of Artificers. 

3. In reſpelt of the Meridian, it conſtitutes a Na- 
tural Day, diſtingui into two equal portions z 
but ſo divided, that not one part gives place to 
Light, and the other to Darkneſs, but each part 
participates both of Light and Darkneſs, one of 
which is from Midnight to Noon, the other from 
Noon to Midnight. | 

This Reaſon of determining the Natural Day, even 
10 as aforeſaid, Aſtronomers have choſe before o- 
thers, becauſe in an Oblique Sphere the Horizon is 
Variable, when on the contrary, the Meridian is more 
conſtant, and is every where as a Right Horizon. 

4. Nor yet doth it return to the Meridian with 
the ſame, but one time with one, and another time 
with another of the Ecliptick. 

The cauſe of this is the proper Motion of the Sun, 
or the Second Moticn concurring with the Firſt, 
whereby, under an Oblique — it creeps a 
long inceſſantly by little and little, into the folloro- 
ing Sign, from the Weſt into the Eaft : Therefore 
ſeeing a Natural Day, which conſiſts of one Revolu- 


ion 


4 
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tion 7 


ir wer, 
in themſelves, 


ng of the ae, 


reaſon of the fall rer of the end iy 


beginning : the middle of which is the Equator, and 
the 1 are the two Trop icks. I 


7 am the daily Motion ; the Sun, is mixt of 


the Firſt and the $29 Motion, as it were 4 
turned about to a Cylinder : But yet becauſe the be 
ginning and ends 84 theſe Spirals, are but little di- 
ſtant from each other, neither doth there ariſe be. 
cauſe of them an Error worth the Noting, they are 
eflcemed for perfett Circles; no otherwiſe than as 
of the Sun, by reaſon of its firſt Motion, fhould rejt 
in the beginning of any one Degree of of the Ecliptick 
ar whole Day, and ſuddenly afterwards ſhould paſs, 
or skip to the beginning of the following Sign. 

6. Alſo ir comes to paſs from this concurring 
proper Motion of the Sun, that its firſt Mation is 
not equal to the whole Revolution of the Equator, 
but ſomewhat longer, and ſome additaments hap- 
5 trom all the Days, to the Revolution of the 

uartor. . 

7 And this Additament is no 8 
tion of the Equator agreeing to the proper Motion 
of the Sun; — the Righe Aſcenſion of an Arch of 
the Ecliprick, which the Sun makes by its proper 
Morion Daily. 

8. But the Additaments are not equal, but ſome 
greater, others leſs ; yet ſo, that the Detect of one 
compenſates the 2 of the other, and 2 Ad- 

tament 


ditament being collected through the Year, — 
the whole Revolution of the Equator. 3 
For as the Sun in the ſpace of a Lear, or 365 Di 
and *. almoft, watks through the Ecliptick; fo ot 
theſe little portions of the Equator, conſume the 
whole Equator in the ſpace - & a Tear, and as well 
the Sun as the Additaments, We returned to the ſame 


beginning : And in this manner it comes to paſs, 


that from 365 Days and 2, the Revolutions of the 
Equator proceed to one . more, viz. 366 and 4, this 
laſt and Fe Day, being made not together, 
in one Day, but collected by parts and pieces, thro 


the whole Tear. 


And the cauſe of the inequality of Addita- 
i is Three fold. | Fey 
the Sun being unequal 


1. The proper Motion of 
under the Ecliptick. | 

2. The Obliquity of the Ecliptick to the Equa- 
tor. RY | = | 
3. The Obliquity of the Horizon in an Oblique 
Sphzre. | 

1. For from the proper Motion of the Sun, being 
unequal, tic neceſſary alſo that the Arches of the E- 
cliptick, which the Sun cy py aha, ſhould be un- 
equal, and therefore alſo the Aſcenſions of the Equa- 
tor, aſcending or deſcending together, are made un- 

al : So in theſe days of ours, the Sun about the 

ummer Solſtice in Apogeon, or in its fartheſt di- 
ſtance from the Earth's Center, diſpatches in one 
Day 57 : 3 But about the Winter, in Perigeon, 
or its neareſt diſtance to the Karth's Center, it ſini- 
ſhes 61' : 20", as fhall he ſbeton hereafter. 

2. And although the Arches of the diurnal Mo- 
tion of the Sun, under the Ecliptick, are, or ſhould be 
equal het en themſetves, yer by reaſon of the Obli- 
710 the Eclif!1ck in droers places, they will alſo 

ave divers, and fo unequal Aſcenſions. 

3. Which 
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3. Which inequality likewiſe, by reaſon of the Obli- 


of the Horizon is increaſed, and according to 

2 variety of an Oblique Sphere is varied in ſundry 

orig. 
10. And that we may meaſure the unequal Over- 
plus, or Additamentsþy ſome certain Rule, Affro- 
nomers aſſume, for the ſake of meaſuring, » m 

equal Additions between the greater the! e ker 
to wit, for every Day 59 : 8, that is, ſo much al. 
ſo as is the mean, or equal Diurnal Motion of the 
Sun in the Ecliptick. 

And theſe 59: 8“ are produced if you divide the 
360 * of the 7 5 or into 365 Days and i, 
even as if you ſhould ſay by the Golden Rule of Pro- 

tian. 

As 277 ays * 6 Hours, To 360 Degrees : So 

1, Io59 :8 
Or the Reſolution being made in the leaſt Terms. 
| Seconds. Hours. Seconds. 
Ar 8766 To 129600: So 24, To 3548. 
divided by 60', makes 59' : 8". 
11. wes" this 3 of the Sur's Diurnal Mo- 
on, redounds alſo in Natural Days, which is con- 
Re by the Diurnal Motion of the Sun, mixt 
TT Tn ne koce alſo made 
"Bur concerning this, we ſhall ſay more bereafier 
in the Chronological Part. 


—BW 


C HAP. NMI. 
ed in the 


Of the Firſt or Common Motion conſider 
Fixed Stars, and the other Planets. 


H E Fixt Stars by their Firſt Motion finiſh 
their Period ſooner than a Natural Day, or 
24 


1 1 pI PI" Mia Fo —_ W 
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24 Hours, and retutn to the Meridian, whence they 


7 be reaſon is, becauſe although they are ſeen to 
proceed alſo like as the Sun by a proper Motion, in 
an orderly following ; yet becauſe this Motion of 
theirs is moſt flow, ' neither follows the Sun in any 
manner ; Therefore they return to the Meridian al- 
moſt by h ſooner, as the Sun recedes longer in 
the ſpace'#f a Natural Day from the former point , 
in whioh the Sun returning to the Meridian, the Na- 
tural Day at length is accompliſhed. ' *. 


2. Hence it comes to paſs, that in the Night of- 
tentimes, ſome and other Stars ſucceed in the place 
of the tormer, until in the ſpace of a Lear, the whole 
Band of Stars ariſe above our Horizon, and are Vi- 
lible to us. ; | 

Non 7 2 Sun ſhould 2 3 in one 
e of the Ecliptick, or the Stars by their 

2 ſhould _ in like velocity with 25 - 26 
we could not ſee the Stars but of one Hemiſphere, 
the reft being hid by the brightneſs of the Sun : But 
for as much as the Sun by its proper Motion departs 
more ſtoifter from the Stars, which proceed more 

r, and comes unto others; it comes to paſs 
that by its departure ever and anon, other and other 
Stars are Efeoered and in the ſpace of a Tear all 
are brought to our ſight, except thoſe Southern Stars, 
which always lye hid beneath our Horizon. 

3. The other Planets, by how much they are more 
ſlow than the Sun in irs proper Motion, touch at 
their Journeys end of the firſt Motion, ſooner than 
It, and by how much they are more ſwifter, they 
touch later than it, theſe are accompliſhed later 
than a NaturalDay, thoſe ſooner. 

For becauſe the Sun, by its return to the Meridian, 
accompliſhes a Natural Day, u neceſſarily * 

thut 


9 
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that thoſe which run out beyond the Sun in 7 
Mot ion, come to their Journeys end later, and thoſe 
which remain on this fide it, ſooner. 

4. And they advance to us in the Northern part, 
er Hemiſphere (our face being turned towards the 
Eaſt) from the Left towards the Right Hand: On 
the contrary, in a Southern Hemif] om the 
11 —_—_— the Left Hand. 

De reeſon it becauſe the * the Rule of 
the Firſt Motion, it on the Right Hand to thoſe in 
the Northern parts, if their Face be turned towards 
the Eaft, and on the Left Hand to thoſe who are in 
the Southern parts. 

5. Moreover, as we are accuſtomed to inquire of 
the parts ef the Ecliprick, ſo alſo we inquire the 
Aſcenſions and Deſcenfions of any Stars, as well 
ans peru Teen n 
are om tars, t of 
Ecliptick Riſing and Setting together. 

6. Laſtly, As the Sun while he remains above 
the Horizon makes the Day, and while beneath the 
fame, the Night; ſo by Analogy alſo, we call the 
abode of any Star above the Horizon, the Day of 
the Star; and its abode under the Horizon, the 
T0” although that happen in the Night, bur this 
in y. 


— — 


— 
— * ͤʃ * 


C HAP. XIII. 
Of the Common Motion of the Stars, compared 
with the Sun. 


1. T H E Stars, as well Fix'd as Wandring, being 
taken with the Sun in their common Mo- 


tion, Ariſe and Set in divers manners, which is 


. 
* 


called 


Chip! XIIT. / Spherical Dorise. 


yo MN Yy Www 


called the Poetical Rifing and Setting of them. 
The Reaſon of this Appellation is thus affigned, 
becauſe the Poets an 2 the times 

Tear, are wont to uſe commonly one or anot 


theſe kinds of Rifing and Setting. 


2. And there are Three of theſe Kinds of Rifing 


1. Coſmical, 2. 1.1 a Star & with che Sun Riſing. 
2. Acronychal, Riſes or Sets N with the Sun Setting. 


3. Heliacal, in which the Stars either appear from 
the Beams of the Sun, or are hid by them: which 
when it hap in the Morning, is the Morning 
Heliacal or Setting; or if in the Evening, 
I Heliacal Riſing or Setting : See 

. 15 1155. 

The ye former, the Coſmical, and 
are the true Aſcenſions and Deſcenſions above or be- 
neath the Horizon : Whence tis called the true Ri- 
ing and Setting: The Heliacal is only the Appari- 
tion or Diſappearing of the Stars exiſting about the 
Horzon ;, proceeding from the proper Annual Mo- 
tion of the Sun, whic Sn its Acceſs and 
Receſs to the Stars, and preſence of Splendor, or ab- 
ſence at other times, hides or uncovers them; bence 
os the Apparent Riſing or Setting. See Fig. 
156. 

3. The Coſmical and Acronychul Riſing and Setting 
Vs proper to all Stars, which Riſe and Set, except 
Vers and Mercury. _ | 

Tor theſe two Planets cannot ſet Coſmically, and 


the 
of 


Acronychal, © - 


riſe Acronichally, to wit, juſt over againſt the Sun, 


by reaſon 4 their ſhorter Digrefions from the Sun, 
n which they never obtain the oppoſite place of the 


Sun. 
| 4. The 
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4. The Morning Heliaca! Riſing, and the Even- 
ing Setting, happens to Stars, which in their Mo- 
tion are ſlower We he hw? and by reaſon there. 
of, being left by the Sun in the Morning are ſeen 
TE TT Tn rin 
ing 


Such are all the Fixed Stars, and the three Supe- 
rior Planets h 1 and &; alſo Venus and Mer- 
cury, but not unleſs when they are Slow and Retro- 


poor. in their Motion. 


5. When Stars are ſwifter than the Su 
are apparent in the Evening from the Sin Bam, 


and they are hid in the Morning. 


Such are Venus and M when they are more 
Swift in courſe, and the Moon : for theſe Stars 
approaching to the Sun, 75 Fon the Morning inter- 
mi æt with its Beams, and departing from it in the 
Evening, they unfold themſel s from its Beams. 


6. The Terms of diſtance of the Sun from the 
Stars, by which they either Riſe or Set He/zacally, 
are unequal. 

For by how much they are greater an brighter, 
or leſſer and obſcure, they require alſo a leſſer or 


greater diſtance of the Sun to their appearing, or 
being hid. 


7. Yet Artificers have confllcaat theſe Terms, 
(by the obſervation of Stars, not far poſited from 


the Ecliptic ) nearly agreeing to the Truth. 
Degrees. 


A 


. 
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( 1 Le magni! 


Degrees ln the Twilight. 


a | —_4 | 
I | Stars of | The Fourth. * 
IRS. 
4 rde Kr 8 
Mars. | | 
Saturn: 
ws _— 
1 'S £) 
1 d Ven, 


The Moon bath not a certain Term, but appears 


1 
the Pla- 


ſometimes the ſame Day, ſome times a Second, of 


Third, or 77 the Fourth Day after New Moon, ac- 
cording to the droerſny of its Motion. © 

But theſe aſfiened Terms or Times of Apparition, 
and being bid, are numbred, not in the Ecliptick, as 
hath been ſaid, but in the Vertical Circle, paſſing 
my the Sun, from the Horizon even to the Cen» 


the Sun, 


ier 0 


is the Sun's diſtance beneath the Horizon, numbred 
in the Vertical Circle. A B C, according to the Tern 
of the Stars appearing, or being hid. 


— — 


CHAP. XIV. 


the Firſt Auction, conſidered in reſpelt of 


1. T HE Sun and all the Stats by their Firſt Mo: 
| tion, always ariſe above tlie Horizon, are 


always converſant in the Meridian, and always go 
under the Horizon. | 2; p 


This 


w 


In Fig. 157. E or F-are Stars in the Horizon, B 6-45 i 
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This is 4 Paradox, but tis true, if it be under- 
flood according to the droerfity of Plages : For be. 
cauſe the Eb A round, and the Earth and Sea 
every where Habiteble, and the Heaven is in eve 
place upwards; and the Sun, and the other Stars in 
perpetual Motion's Every place hath a ogy of Ver- 
tical point, and 2 alſo d 22 orion, 
and a Pr. Meridian: So that the Sun, the whole 
Day, and all abe Start, only proceed from one Hori- 
20n to another, on from one Meridian to another. 

2. Therefore there are ſo many beginnings of the 
Firſt Motion, as there are Horizons and Meridians ; 
that is, Innumerable. 39 5 
And ſo alſo the Bf Motion always begins, and 
always 1s finiſhed, and with it alſo the Natural Day. 

2. The time of the Sun's approaching to the Me- 
ridian, although it' be the in the reaſon of 
mmbring, to thoſe People or Nations which are 
OE ER LEE ITE 
its Nature, according to iv 
moſt Dfleene. = | ey 

For ſu after our nummer, that the time 
Noon pg 1s $0 is that in which the Sun 75 con- 
verſant in the Meridian, and being numbred by the 
Twelfth Hour is Univerſal, and in the whole World 
the Meridian be numbred the Twelfth Hour; yet 
becauſe the Meridian or Noon-time other where 1s 
divers ; therefore that which in one place is the 
N 60. Hour, it in places more Weſtern ſome Hour 

ore Naum, in Eaſtern after Noon ©: For Example, 
ar Vienna he chief 80 7 1 the Twelfth 
Hour, is, in à nner, the 'Eledenth Hour before 
Noon at Paris, the chief City of France. 
Co that Eclepſe tebich Prolbiny witneſſes in Bock i. 
Chap. 4. Ot Geography, to be ſetn at Arbela, en 
Haus after Sun Set, zppeared ar Carthagent the Se- 
cond iloar of the N:eb: : & Pliny, Book 2. * 5 

| anh, 


ſed + a tht Seed Hour of ii 
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ſaith, That at what time Alexander the Great ton 


that famqu g. Viclory at. Arbela, the Mopn was E. 
/ 6 $ , tpi Nihbr, X 1 
eginning of the 

© 


fir Ml Ech ) bapd in the Tear 
N q 15 the 22 Day * Epiphus 
0 


tians,,, which -is the '$ N55 the 

(the gy A 114. 1 Ib Se th Fa Tears 

25 1 before-Ehriſt-was-born;-and- the Feenrieth W- 

— 12 to the Julian Yearg: See Fig. 
158. 


Therefore among ſo many Meridians, tis ne- 

for kerping of Order, that u 1 2 

— Fixſt or Chief, to w which rdter- 
red by the Ratio of time, and of di my which by, 
Prolomy, and other * Ancients, was thit which pa 


x eared in Sicily the 


ke ths Cui) Ind, ed 
n 1 2 h Eu baſ, are 


bred; according to the Series Deer of che Signs, 
the diſtance of which from the Firſt, is called the 
Longitude of that place through which ir palles. / 
tg. 132. 
The Reaſon of 2 Election ſeems partly. that Na- 
ture it ſelf hath. made the beginning there, . bell.” 
of Africa as of Europe; and Ty that place more 
Wefternly were unknown tot tents: Mo- 
dern ws Te begin to number the Meritlians 
from thoſe ap ds. i which the power cf the Aas. 
nerick Needle turnt preciſelyto the Pole of the World; 
which are called the IHundr of Corras, or the Green 
Cape, and are 12 . Degrees more re ef c Ne than 
the Canaries: . of the” Miri er the 
Longitude or 2 2 7 Tubing. 
from the Fortunate A 335 240, 


So much of Spherical Dodirine. 
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7; Theoretical Doctrine. 
The PREFACE. 

1. LI Aving e the Spherical Part 


1 4 y, which Ads con- 
coerning the Firſt Motion ; it remains to 
Explain the Theoretical Part, which Ex- 
plains the Ratio, or Reaſon of Second Mo- 


tions. - 


2. We ſhall C onſtitute its Parts. 


I. By Explaining the Genera! Theoretical H 
theſes, which Treats of the Second Motion 
of the Fixed Stars and Planets. 


Il. We will Declare the Paſſions of the Planets, 
which attends the Motions of the ſame. 


III. We ſball propoſe. the Judgments or Opinions 
of 1 concerning the * — 
and Diſtance of the Stars. 


OF 


1 


4 3 \ 
ee 


ASTRONOMY. 


BOOK. I. 


Tic Fat Tar 
Of the Second and Proper Motion of the 
ET 4kS EO 


CHAP. 1 
"Of the Second, Motion, end the Hypotheſes 


of it in General. 


I, T5 HE Second and Proper Motion of all the Sears, 
is that whereby they proceed in an Oblique 

March under the Zodiack, upon the fame Axis 2 

Poles, or in an orderly — and accord 

the Series or Order of the Signs, from the We 

the Eaft. 

By what Signs this Motion becomes Anoton, is * - 
ed before at Chap. 4. Book 1. 

2. And this AE is Twofold; one of Longi- 
tude, the other of Latitude. 

3. The Motion of Longityde, is that in which be- 
ing moved nigh to the Zodiack, they are wout to 
march according to the Order ot the Signs: Of La- 
zitude, in which they depart from the middle Eclip- 
rick Line of the Zodiac to the Sides. 

In Truth there are not ito, but only one Motion, 
in which they deſcribe a Circle interſecling ibe Eclip- 
Utck in two places ;, whence by the Motion of Long1- 
X 3 tude 
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tude they are conveyed to tbe Sides of the Ecliptick : 
And becauſe the Progreſſion of the Stars being led 


actoging. ta ack is nod only confifered hut glſo 
72 ar An L ting from the 7 ick oo 


Sides; therefore 7 the ſake of Teaching Aſtrono- 
my, they have Ade, t it) ene, a double Motion, 
fr they may ſpeak diſtinifly concerning diſtintt 
„„ WF "a: 
4. — again, each S TWöfbid: Aue and Meane. 
5 e 


J. The, Ir fee an, is that, in which the 
in the n '\ oe pa 2 us li | 
on Earth, to move unequally : Wheace alſo tis cal- 
led Apparent and Unequal. But the Mean Motion 
i or) which hey aſſume 6 oo O_o 
ing Aſtronomy, to be the M. een 
the Swifteſt and Sloweſt. . 1 

"And it matters not whether or ub, in Truth, this 
Motion be found'in Heaven, or is only ſuppoſed by 
Aſtronomers ; ſo that it be made fit, that from this 
Mean or Middle Motion, at length the True ore be 
1 abe n . e 
6. The Fpocha, Root, or inning of place, 
whence the Second Motion 1 25 * is wore 
to be numbred; is either from the firſt Star of Aries, 
or © Y, or the beginning of the Sign Aries; to 
wit, the Point of the Vernal-Equinox, notable. be- 
fore others, whence Aſtronomers uſually begin the 

nc Mts 

For the Sun being conſtituted in this Point : 1. It 
being in the middle place, it groes the diſtance of its 
greateſt Digreſſons from the Equator into the North 
and South. 2. It makes the Equinox in the tchole 
Earth: And Thirdly, with us in cur Hemiſphere on 
the North part, making the beginning of Spring time, 
opens the Earth again, and Enlroens all things De- 
cayed and Numm'd by the Winter Coldnefs, whence 
i defervedly preferred to others. 


7. And 
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t 
7. And the beginning of time, whence the Hea- 
venly Motions — firſt deduced, IS enn other- 


. of others . 
The moſt famoys vs are; 

1. The E pocha of Chriſtzans — I forward and 
— if n wobiel 0 hir dime ebe current Tear i a 
"1700. 

2. In the 8 of the World * ace the Fall q 
our firſt Father Adam, from ihe e 4 
and le Des et in aun Opinion, 4010 2 
- all 4 et LETT 

3. The * of the Jolien Period of . 
pation which goes before the beginning of the World, 
749 Julian Tears,” and 302 Days : Ihe beginning, 
Jrom the Cbriſtian Epe 4760 entire Tarn. 

8. The meaſure of this Motion with us, are Days 
divided into Hours and Minutes; alſo Months and 
Julian Years, inſtituted by Julius n 

Tor the. Motion not any of . the Intervals of Pla- 
ces, but alſo of Time is uſually meaſured ;, the Ratio 
of. which Times, fince 'tis droers toith us, Aſtrono- 
mers alſo have common) uſed Egyptian lears. Months 
and Days; we retain the Julian Time, which to us 
18 moſt noted, and therefore may commodioufl y be uſed 

inſtead of meaſure 

And although . theſe Heavenly Motions alſo are 
meaſured | b ok Times, ( which Dofrine is conſt:- 
— by 14s 215 the Third Book \ ogg ren ) yet no- 
thing binders, but that alſo thoſe Motions may be 
meaſured imerchangeably by leſſer Times; after what 
manner the Motions are more knoten 10 ts : For Jo 

"tis ordained in many other things, that the ſame in 
droers reſpetts may be the meaſure and the meaſured ; 
ro toit, if that which 22 ot place of 22 e be 
alſo known by it ſel hich alſo happens in this of times: 
15 who 1s A — ra ha 60 Minutes 
make an Hour? 24 Hours a Natural Day ? Who 15 
| X 4 Jenorant 
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E. how many Months are in a Tear? And hou 
many Days each Month bath ? Likewiſe what is the 
Difference between Common Pars and Biſſextile, re- 
curring or happening every Fourth Ter; of which 
thoſe haus 365 Days, but this \366 : And that tie 
eafie to divide - the 60 Minutes. M an \Howur into 60 
Second Minutes, or Second Scruples,and if you pleaſe, 
of theſe into ſo many Thirds, c. 17 oe would find 
out the moſt ſmall parts. © 

9. And res Difipece of the Stine, 
2 indeed from a certain point of Heaven, are 
Circles divided into and Minutes; and that 
the meaſure of the ſame from the Center of the 
Earth, or of the World, or the Motion of any Cir- 
cular. Star directly removed, are either parts of a 
S allienied at pleaſure, ' or the Semidia- 
meter of the Earthly Globe. 

_ Concerning the Diviſions and Subdioifions of 
Circle into TH: and Minutes, or Scruples, bath 


been /} already often times, tht — 

zer of any Circle be aſſumed at pleaſure \, 

the more parts tis droided into, the truer will T 

Calculation be. 

The Semidiameter of the Ewth is commonly 15 

pointed of German Milet ( each being determined 

the Journey of two Hours to be 859 * wr, or to bun | 

the Fraftion 860; or 4s ach 1 57 of which 

the C ircumference of the Earth is 360. 

A German Mile contains about 4 Engliſh Miles, 

fo that the Semidiemeter of the Earth contains about 
3426 Engliſh Miles, and f Mile. 

10. Laſtly the meaſure of Planes, or of the groſs- 
nels of — Bodies, is the Square or Cube of 
this Terreftial Cemidiarnerer. 

Tor of great things, ſuch as are Heavenly, a great 
meaſure alſo is convement ; then becauſe if the Ter- 


re tial Semdiameter be appointed of Miles 3436, 
be 
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be Square of it will be, Miles 118060 8. 

And the of it will be 40565745856. 
Engliſh Myles. 


11. The Organs or Inſtruments of Second Moti- 
ons are of Theory or Contemplation, that is, either : 
of a Figure, or.of little Orbs Artificially made of R 
Paper, or only of Circles deſcribed by the Compaſ- 
ſes ; in which the, Motion of the Planets are pecu 
;arly ſubjected to the Eyes, and: the labour of 
putation.of the Motions eithet taken away, or ren- 

For in things ſo remote and abſtrufe, tis neceſſ; 
that the Mind be belp'd by 8295 Eor ee 
the Theory of the Planets art found out by Arti- 
ficers, that even as by a material Sphere, and Cile- 
fia Globe, the Firſt Motion is expofed'; ſo TIP 
Theories, the Second and Proper Motions of the Pla 
nete are expoſed to the toit hout tedious Calcy- 
lation Or becauſe this Proportion and Magnitude 
of Obſervations cannot be made accurately, the Inge- 
nious only delineate them with the Compaſſes, that 
they may alſo be the better comprebended by the 
Mind, and the Calculation may be the eaſier pro- 
duced; for the end of Aſtronomy 1s, ' not only the 
bare . of the Heavenly Motions, but alſo 
the skill of Calculating the ſame to any groen time, 
which by the help of Theories is performed by Geo- 
metrical Calculation. 

And although at this time, almoſt all Artiſts in 
Aſtronomy make proper and peculiar ories 
to themſetves, which we cannot treat bere, 
but refer the 'Studious in Aſtronomy to thoſe 
Autbors, which explain the Reaſons of their Hypo- 
theſes and Theories liberally, and the manner of 

ing them; notwithſlanding all agrec in ſome ge- 
ncral parts, which we are willing to ſhew in Fong 

place, 


Ju -DRASEROMAaHM T.:!BdokHI 
ues 88 50 _ Ao * to their Au. 


al ar then of all Theories, are 
Arber plain Paper, or — only 
— ad U gu pred "= 

26) Theſe repre elf 5 
nin Ss nn 


T fame as 8 Pina, 1 + 


d to be content 4 rat an Phyfical 
Cauſes of all things be made 2 1 | 
13. But of theſe Orbs and Circles; ſome are Con- 
an which: are deſcribed” from the Center of 
the Earth, or of the World : Others — 
-which are deſcribed. from another and pr 1 
der peculiar to its ſelf: Laſtly, fome are Hpicicies, 
ewhich being Coubenericlt ox Ectentrick, even — pre- 
cious Stones or Imad in axe car- 
Tied about by them, and nevertheleſs are 10 1 
act the pr Canter. * 


we * 


* bs her ere confi et chiefy 


1. The Kecemtricity.. | 
| * Apogaon. | 
3. The. Perigeon.. 
2 The Line of True Motion. 
5. The Line of Mean Motion. 
. The Proſtaphæreſis or Equation. 


14. Eccentricity, is the Diſtance of two Centers. 


15. Apogeon, in Arabick, Aux, or top of the 
Circle, is the Point of Eccentrici , molt remote 
from the Center of the Earth, or old: Perigeon, 
the oppoſite of Aux, or the lowelt Point in the 
- Circle next the ſam. 

I J; The 


the Ce. 


s- & ai... 


bw 4g $6 @” 
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16. The Line Ho Motion of a Planet. is a 
Right Line extenlad from the Center of the World, 
through the Center of the Body of the Planet to the 
Zodiack _— 4.61 * 43 7 6 9 | 


17: The Line of Mean Motion, is a Right, Line 
extend 2 8 u Ge b i. to the Zo- 
diack, equidiſtant to that Right Line, which is 
drawn Dam the Eccentrick Center, to the Body of 
the Planet; or (in Theories which uſe the Epicicle) 
to the Center of the Epicicle. 


18. Proſtaphereſis, or Equation, is the difference 
of the True atid Mean Morion, ſometimes to be ta- 
ken from the Mean Motion, at other times to be ad- 
ded to the ſame, to produce the True Motion. 


Hg. 160, In this Scheme, a is the Center of the © 
World, or of the Zodiack, c hd the Zodiack,''b the 

_ of the Ercentrict, eg f the Excentriał, a b 
the Eccentritity, e or c the Apagaon, | or d the Pe- 
gebn; bence d fa bec #s calked#be Line af Apo- 
geon, ag l the Line of Mean Motion, or of the Egi- 
cicle m in Theories ®hich uſe the Epicicle, or of the 
Planet i when the Epieicle it wanting, equidiſtant 
or parallel to the Right Line bi k. mer C the 


Center of the Eccentrick, to the Center of the-Star 
or Epicicle; which lines bi k, aith;a gl, fall in with 
one another, the Star or Center of the Epicicle exiſt- 
ing in the Aux or Apogeon e, or its oppoſite f, but 
5 they differ between themſelves ;, whence 
the Proſtaphæreſis or Equation is begat, which is an 
Arch of the Zodiack hl, or the Ang/e hal, or abia, 
or hik, for they are equal, which is called the Pro- 
ſtaphærical Angle. 


CHAN 
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| CHAT a. -: 
Of the Proper Motion of the Fixed Stars. 


„ A LL the Eixed Stars, beſides the daily Motion, 
in which they ſeem to be turned from the 


o another proper, but 


Eaſt into the Weſt, have 74 
lingring and flow Motion, the diſtance 4 them from 
themſelves to each other remaining unchangable, be. 
ing led as the Zodiac, upon the Axis and Poles 
of the ſame, according to the Order of the Signs, they 
ſeem io move forwards from the Weſt into the Eaſt. 
1. This Motion, the Antient Aſtronomers were 
Ignorant of, by reaſon of the great ſlowneſs of it, 
which the Later Aſtronomers at length underſtood, 
by the changable Longitudes of the Stars from the 
| he; oy * Ki rl * 
2. Hence, ſometime at inning o rono: 
1, there was one Zodiack, whoſe 12 as alſo 
the.whole Circle; -they named from 12 Aﬀer- 
iſins or Signs, which they were converſan 


t in, as 
well as in thoſe parts: But at this time after that 
the Aſteriſms had exceeded their former places, 
and the Conſtellation - of Aries was got into the 
place of Taurus, of Gemini into the place of Can- 
cer, the Zodiac is made, as it were, twofold : One 
of the remarkable Aſteriſms beginning from the firſt 
Star of Aries; the other being deſtitute of Stars 
from which it ſhould receive a name, which begins 
trom the Vernal Section of the Zodiack and Equa- 

tor, the parts of which are indeed different fror 
the Aſteriſms, but yet they retain their Priſtine names 
taken trom the Aﬀterifins, From this cauſe alſo other 

ages have required other Ccaleſtial Globes. 

3- Nicholas Copernicus, aſcribes this Motion of 
the Fixed Stars, not to the Fixed Stars proceeding 
| according 


according to the order of the Signs; but to the E- 
quinoctial Points going backward, con to the 
order of the Signs; and therefore he calls it the 
Preceſfion of the Eguinoxet; the cauſe of which he 
aſcribes to the Inclination or Reflexion of the Earth's 


Axis. 

But fince the Progreſs of the Stars, is eafier under- 
ſtood by Tyroes, or = Beginners, than the Re- 
greſs of the Equinottial Points; we rather chooſe 
to attribute this Motion to them; whether they are 
carried in the free Sky, or that which is received, 
and alſo believed more eaſily, to appoint them at- 
fixed to any one Solid Sphzre, like to a Wall en- 
| —_—_— the whole World ; for *tis certain that' 

thoſe change not their diſtances : For thoſe which 
Prolomy found in his Seventh Book of Almageſt. 
Hipparchus found almoſt 300 Years after to be con- 
ſtituted in one Right Line: Alſo we at this Day, 
being Fourteen whole Ages later, behold the ſame 
unchangeably 1 in the ſame Line, to wit, Ca- 
pella, the Left Foot of Erichtonims, and Palilicum, 
or the Eye of Taurus : Alſo the ſame Capella, with 
the IWagoner in the Right Foot, and near Orion in 
the Left, and many more aſſigned by others. 

4. Either this Preceſfon of the Equinoxes, or Pro- 
greſfon of the Stars, being tor the moſt part unequal, 
therefore they thought the Proſtaphereſis of the E- 
1 ful, to find the true Motion of it : But 

uſe this inequality is as yet doubtful by the fa- 
mous John Kepler, and if it ſhould be certain, tis of 
no great moment, we do not think to burthen young 
Aſtronomers with it. | 

5- But altho' this Motion ſhould be common to 
all the Fixed Stars, yet for the 5 tis uſual- 
ly called only the Motion of the Firſt Star of Aries 

om the EquinoCtial Point; from which all the o- 
ther Stars retain their certain and . 

"ip 


ftance, and ate underſtood to move f Book * 
WFE 
2. Aud they proceed in the ſpace of a Week ſcarer 1. 


| Ir an ht Tear, . 
Whence it appears, if they ſhould paſs over the 
whole Zodiac, it will require 2541 3 Julian Years, 


- 


OXIME. | ws | 

3. Bur whether or no they alſo have the Motion of 
Latitude, and that they change it in ſucceeding Ages. 
ic at yet doubtful : Therefore while the thing 1s truly 
found ont, we may retain the Latitude for any time, 
the ſome which Tycho Brahe hath affigned to them, 
as may be ſeen in the Tables of the Longitudes and 
Latitudes of the Stars at the end of the Book. 


_—_ Fey OY 
* —_—_— — * * 
— — — 


— — 


„ CHAF. 
- Of the Proper Motion of the Sun. 


ef I E Motion of the Sun alſo is plainer thun 
the Motion of the other Planets, and neceſſa- 

ta the right anderſtanding and finding out of ths 
2 ; whence tit deſervedly preferred before the 
reſt. © 
10 And the proper Motion of the Sun, is that in 
hich, beſides the daily, in which it Riſes and Sets 
every Day, there is moreover another „ 
liar to it, under the Ecliptick Line, the middle of 
the Zodiack, apon the ſame Axit and Poles ;, ſeem- 
ang to be moved feeding to the order of the Signs. 


in an orderly following, from the Eaſt into the Weſt. 
The Diſcoveries c i dercn ant pro 110. 
tion are, that it doth not Riſe and Ser always in 
the ſame place, but in its Riſing aſcends from the 
the South into the North, aud again deſcends _ 


r 


and little: Laſtly, ſince the mutation of 


meter 7. Kis: in 


part I. Ch. IN of Vivoriticul . guy 
the North into the South: Moreoveriin the Merz 
ian, or Noon time, at one tim i draws neater [to 
our Vertex, 'afterwards it again departs from tk 
Gme ; whence it nece{farily — that it had 
another Motion befides the Dirdbl: and 
Motion, in it turns aſſde hither and 
And fince Set we always behold forme or 
other Fixed * by their whole Circular 

which before lay hid undet-the' brightneſs of the 
Sun, and indeed going forwards ackonding to the 
order of the Sigtis,' from the Weſt towards the Eaft; 
it neceſſarily tbHows allo, thut the Sun 

the fame way, to wit, accotding to the order of 
the Signs, from Weſt ro Eaſt, Circularly þ little 


Declination fpoken of but now, happens 2 in 
thoſe Rt cur the gh which the Zolace go 5 
manife t otion is diſpatched u — 
_ _ Poles of the Zodiack. pon 
Artiſts underſtand the Orbit. which the Sax 
kſeribes This e to by Hatentrict, or to have 


Center 22 om the Centty of tbe old. ' 5 — 
ts for this thing, are 
1 the in this Modes Hos go un- 


equally, ſlower in or in the North 


Semicirele of the Zodiack \ Hivifter in the Wintes, 


when in the Southern Semicitcle : For in the Nor- 


' thern Semicircle he is converſant, Days 186 U., but 


in the Southern, 1784 ; which 5 truly obtained 
from the Obſervations of the Days and Hours be- 
tween the two Equiyocxes of rhe Spring and Au- 
tumn. 
. Moreover the Sun alſo is unequally' Allan 
ne Win Winer: which eq in the Summer, eget in 
w vality appears not 
＋ minds of the Sun's 5 D. 
ummer, and greater in Winter, ob- 
terved 
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ſerved by the ſame Inſtrument; but alſo in the un- 
equal Duration of Lunar Eclipſes, in the ſame di- 
ſtance of the Moon, as well from the Earth as from 
the Ecliptick; The cauſe of which is no other, than 
the unequal diſtance of the Sun from the Earth, 

reaſon whereof the ſhadow of the Earth is made 
ſometimes greater, and ſometimes leſſer, which wg 
have diſcovered from the Opticks. 

Therefore from theſe cauſes, Aſtronomers have 
made the Way or Orbit of the Sun Eccentrick -un- 
der the Ecliptick ; for this Eccentricity makes out, 
that the Motion that is equal about its proper Cen- 
ter, being ſeen from another appears uns 
equal, as the Opticks teach. EI 

3. In affigning the Eccentricity, or the Diſtance of 
the Centers, of the World, and of the Eccentricity of 
the Sun, Aſtronomers diſagree, according to the diver- 
ſay of Hypotheſes. | | 

e in this place retain Tychoes, which at this 
time is 3584, of ſuch whereof the Semidia- 
meter of Eccentricity is 100000 : Or parts 2*: &, 
of which the Eccentrick Semidiameter is 60. 

This Eccentricity ſome make to be Variable, but 
Kepler alerts it to be conſtant, and becauſe he ap- 

ts the Ecliptick the Orbit of the Sun, and ac- 
ledges ſome real uality in the Motion of 
the Sun, proceeding from Phyſical or Natural Cau- 
ſes: Therefore he aſſumes only half of the Eccen- 
tricity, of Parts 1792, or in a round Number 18co : 
And ſo the cauſe of Inequality of the Sun's Mo- 
tion he divides into two, the Natural and 
the Optick Cauſe. 
+ In the Eccentricity of the Sun there is likewiſe 
i0 be med. 


I. The Apogeon, or the Eccentric Point moſt re- 


mote from the Center of the Earth, in which the 
Sun is ſlowly moved in one Day 57 : 3'. 1 1 


II. The Perigeon, that is the Ecchntric Poi nears 
eſt to the — &F the Earth, which the Sun 
proceeds moſt ſwittly ; in one day 1* : 1' : 200. 

5. The Apoge ron, 5s found int this qur Age in the 
Jour 1700, 16 be itt )“: 25” of Cancer : but the Pe- 
rigzon, in the oppoſite place of Capricorn, or vp. + 


6. But this Apogzon is not fix'd under one place of 


the Zodiac, but proceeds by little and little into the 


following place; the Motion, according to Kepler, 
being equal, but very ſlow ; ſo that the Annual Mo- 
tion of it is 1: 2 and at length finiſhes its Period 
in 21612 Nears. 


7. But the Sun in its Eccentrieity under the Eclip. 
tick, from o V, which meets with the beginning of 
the Sun, performs its Circuit in Days 365, Hours 5, 
Minutes 48, Seconds 40 ä 5 


8. IWhence by making an 
Motion under the Ecliptick is thus. 


di tribution, its 


The Annual Motion 1 11 29 : 45 7 40. 
The Diurna X —59 : 08. 


The Hourly ——————-—c2 : 28. 


9. And the Motion of the Sun alſo is numbre1 


from the place of the Apogzon, and then tir called 
the Annual Anomaly, ihe Eccentrick Anomaly, the 
Reaſon of the Sun. 


And this Annual Motion, is ſo much ſhorter thay 
the Motion of Longitude from the Ecliptick, as the 
Aeg proceeds yearly in mi of Pruw mane to 
wit, 1: 2 , Whence the Annual Motion of the 
dnomaly'is 1 1: 29“: 44' : 38”. : 


Y | CHAP, 
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err 
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5 C H A P. IV. | 


_ Of the Pr Motion of the Three Syperior 
4 y ery hb X and &. 


1.QA Jupiter, and Mars, are called Superior 

5 Plaz, becauſe they be placed above the Sun; 
Saturn in the bj igheſt place, (api iter in the middle. 
and Mars in the 75 place, which is acknowledged - 
by all Aſtronomers. 


The reaſon of this Order is required or ſought. 


1. From the Quantity of Periodical Revolu- 
cows: tres nana wb to truth, that the Planet 
that goeth about in more time, it alſo deſcribes the 

1 and is higher than the others: There - 
2 h req „ leſs, and & leſs 
than it, to perform theiMeriods or Circuits in, it 
evinces alſo that they are placed in this Order. 

And fince h was ſeen to be hid by & running 
under him, by the Ingenious Mathematician Michae/ 
Meſtlin at ubing, the Ninth of January 1591, 
as he reftifies in his Epitomy of Aſtronomy ; but that 
& is inferior to A cannot 15 doubted. 

3. And 'tis alſo known for certain, that theſe 3 Pla 
nets, in the Quality of their Motion, as well accord- 
ing to Longitude as atcording to Latitude, are like 
to one another, and diſagree between themſelves only , 
in Periodical Puantit 'y. 

And for this cauſe they are uſually conjoined for 
the molt part by Aſtronomers, that the. Ratio of 
_ Moron n may b diſcharged in one TraQt. 

Therefore much Motion of Longitude be- 
longe to them, they obſerve for | the moſt part 1 in theſe 


things. 
1. They 
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1. * 888 and Set Daily, but 
an Oblique goi leiſure 

1 the Eaft. "0 
2. They — Jas the order of 
the Signs. 
3. Yet under which * 90 go, that not only 
their Altitude from the Earth; but alſo their Mo- 
. 00b0—0TT {refer hoc 
Ack 1s * 
Swift, afterwards Slow, by and — 

alſo Retrograde. 


To the Explanation and Dünen of this 
Variety of Motions, ſome add the Epicicle to the 
Eccentricity, of which tis changed by the Circuit and 
Altitude, and the Motion of Eccentricity is made ſwift- 
er and flower, and alſo ſeems to go contrarily ; but 
others aſſume other Hypotheſes, and almo 


every 
Artiſt a ſingularx one, the Explanation whereof we 
thall ſuperſede — and refer the Studious to the 


Rudolphine, Daniſh, and Lansbergizes's Tables; in 
which each Author explains his Hypotheſes, and 
Demonſtrates the Heavenly Motions from them; 


yer, lelt Beginners * ſhould be Ignorant 
ot all aa, x35 the Motion of the Planers, we 


2 the equal or mean Motions of each, from 
phine 1 ables. 


5. Therefore theſe Planett perform their Courſe 


A* the Ecliptich from the Point of the Vernal 
Eiuinax. | 


In Zulian Yo Days. Hours. Minutes. 


ii 

55 re 
E 
6. Therefore the _ of the ſame is. 


2 Sig- 
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— — O2 : OI 
2— —— — 5. 
00 2 20 2 32. 5 
N b 
— 12. 1 
11 19 : o8. 
* — 31 27. 


N 7. The place of Apogzon of theſe three Planets 
| at this time are in the Tear 1700 complear. 
Sig. o 7 " 
. om. ® 
1 0+ 2-20 3 30 
n 


8. And they do not ſubſiſt Immovable in theſe pla- 
ces, but proceed into conſequent places, but with a 
very flow Motion. f 


For the Kr h 1˙ : 16. 


wa 1 
Motion is of „ 


9. Whence if the finiſhing the Period of each be 
required. 
Years. Days. 


5) (17125 : 273. 
The Apag con 9 1 5 5 27468 : 031. 
8 11358 : 324 
10: The Motion of Latitude of theſe Planets is 
thence produced, becauſe the way of them, or the con- 


tinued Plane of the Orbit of them imterſetts the 
Fcliptick in tico places with an unchangeaIle Angle. 


In 


» — 
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ht 2” 33. 
55 r a 
nt ; 

11. The points of Interſeition are called Nodes 
one indeed aſcending, by which a Planet in the North 
aſcends ;, but the other deſcending, by which the ſame 
1 = South deſcends, and the Aſcendants are found 
at this time. 5 n 5 N 


3 Sig 0 7 9 0 
nne 
E 
nn 3:90 3-5 


12. Theſe Nodes are moved with reſpeft to the 
Varnal Equinox, which-Original or Beginning is ac- 
counted of the Ecliptick, in a following order, and 


they proceed in the ſpace of a Tear. 
; Do 1 1 
The Nodes of 5 1 
| | eee 
13. To the finiſhing the Circuit or Period of which 
there 1s required. | | 
Years. Days. 
In 18137 : 143. 
In 1 370607 8. 
In 6 32607 : 304 
CHAP. v. 


Of the Proper Motion of Venus a Mercury. 
A thoſe three h u & are called Superior 
Planets ;, ſo theſe two, Venus and Mercury, 
ore called Inferior Planets, Venus being higher than 


 X W This 
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This Order and Place, and Periogical Quantity, 
which of Vent is leſs of rhe reſt; but greater 
than of Mercury ; and that which is obſeryed of 
Mercury under Venns, Proclig writes. : 
2. And befides that they Riſe and dt in u daily 
Morion, they have this alſo, common with the other 
Planets, being led according to the Zodiac, by the 
Motion of Longitude from the Weſt to the Eaft, go- 
ing according to the Order of the Signs, and they 
finiſh their Circuit under the Ecliptick. © 
|) uh F 
3 16 : 49 5 11. 
nne 


3. And there are alſo in them theſe unequal M. 
trons, in like manner as of the re,; Eccentrical, 
8 wifter when they are nigh the Sun, $/atdtr toben re- 
wote from the ſame : And indeed moſt ſwift, when 
in the Morning Hours they begin to mingle then- 
ſelves together under the Sun Beams, or when in the 
Evening Hours they depart from them. —- 

4 But when they are either hid by the Evening, 
or appear in the Morning, they betome Stationary , 
to wit, after the Evening greateft Elongations, and 
before the Mortings : In the Internediate time the 
become Retrograde on the contrary part in Conj 4 
on with the Sun. | 3 

5. For they run always nigh to the Sun, which by 
3 certain Spaces they ſometimes & ore, ſometimes 
they follow, afterwards returning to it. 

n this Courſe alſo Venus changes her ye 

in the Morning going before the Sun, is called Pho/- 

{ phorus or Lucifer, the Morning Star : In the Ey 

ing, when ſhe follows the Sun, ſhe is called 

| ferus, or the Eue ging Star. 

| 6. Venus indeed departs far from the Sun, to the 
igt of 47* : 15', and makes fewer Stations, _ 

MN. 8, 08 5 0. 
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many times, atſo is joined with the Sun : But 
ercury bath ſhorter Excurſions, and in A | 
is reftrained within 29* ;, but in Perigæon beneath 
18* : Alſo be frequently becomes Stationary, and 
oft times joined to the Sun, and ſeldom appears with 
FA | | 1 


But that they alſo aſcend on. bigh, and again 
deſcend towards the Earth, argues in Venus the 
augmenting of ber Body in certain places : But in 
Mercury the ſwiftneſs or — of Apparition, 
and being bid, which, from the augmenting of the 
apparent it argues the deſcent of it to us. 

8. Theſe unequal Motions, are reduced to theſe 
lg: © ' 


2 beyond 20 The Annual 7: 14: 47 : 36% 


whole compleate The Diurnal o: O1: 36: 08. 
Circuit ——— E The Hourly ——=———c4 : oo. 


v beyond 4 The Annual 1: 23: 43 : 15. 
compleat Cir- The Diurnal o: 04: os : 32. 
Cults. —— The Hourly — ——t0 : 34- 

9. The Circles a them at the end of the Tear of 
the Chriſtian _ 1700, are, 2 8 

8 0 


- SY 24 1 26 
8 : 14 : 44 : 39. 
10. The Circles are moved in an orderly following, 
and proceed yearly. 
—— — In 2 18. 
1 :4Þ» 
11. Whence the Revolution of them requires, 
> 2 Years 16605, Days 304. 
f 9 Tears 12364, Days 120. 


14 12. The 


8 — 
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Nodes, in which t Eegemrick Orbs of. 
100 ed interſett the Ec rptic, incline a 
it imo the North and South, and 1 YAY 
of Latitude 4 at this time: 
| =_ 
1 5 
P n 

From which Limits they are diſtant Northern 

and Southern, a Quadrant of a Circle. | 


12. Theſe Nodes alſo move om the E ina! 
in 4 ene order ow . 1. W TR 
2 o 4 ; 


2 * | | 
So that 2 — of Julian Year 2757 Days 181. 
But — qr 13203. 151. 


14. And the Inclination of the Planetary Orbe 
"yy the Eclipric,” is Conftam and Fixt. | 
. 27, 5 

JJ 1-0-3128 + | 

Ya the Latitude of Venus, by reaſon of the Cur- 
rent Oprick Cauſe, may run out Northward, almoſt 
to 9*; of Mercury; Southern to 55. 

15. Laſtly, bere we muſt note, * which the ex- 
cellent hematicien Galilæus, 2 Florentine, hath 
derefled by the Teleſcope , to wit, that Venus is il. 
luminated by the Sun even as the Moon is, and alſo 
that ſhe goes under it at all times. 

For when ſhe is direct and nigh to the Sun, ſhe 
hath a round Figure, when R e ſhe is horn- 
ed: Maris hath diſcovered the like in Mercury, 
by the help of the ſame Teleſcope, and found our 
that he is a Planet weak in 2 deſcending to the 
Earth, which is from- the Si changing rhe kind 
of Illumination, and to dimm the Light in a cor- 
ad. ſo „ —— „ 
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n which without diminiſh- 
4 ox corner, would be abſurd, becauſe 
e ings appr grnter > being near, than if they 

which te, you 
7 — Wr, * of Aſtronomy. 
ne. 


wt. Att — 


CHAP. vi. 


¶ the Proper Motion of the Moon. | 


_ the Moon is neareſt to the Earth, ap 
about it the'nigheſt, is confeſt by al. | 
. And tis proved from this. 
1. That ſhe performs her Circuit or Courſe in a 
—_ of time than all the other Planets. 


her coming between, ſhe hides both 
alt the other Stars near the Ecliptick, 
n 


2. That ſhe hath the moſt evident parallax am 
: rr © * 


is moved: not only daily from Eaſt to 
WR by 2 common to the reſt, but more- 


over li ſe fhe walks about the Earth by a proper 


Motion, but yer in an oblique going under the Zodi- 
ack, upon the Axis or Poles "the ſame, in an ar- 


derly following, or according to t Order of the 
9 fro Weſt to E 4 


4 
i evident as hath 
been ſaid at Book 1. Chap. 4. 


3. In this Motion alſo he deſcribes an Eccentrick 
Circle, in which, 


1. Wich reſpect to the Earth, ſhe goes unequally, 
flower about the 4 Pa can, ſwifter about the Pere 


gæon. 
2. Alſo 


330 8 Dec I. 


a . 


nber in „ hearer in Perigeon. 
hs <p is Hiſcovered 


* Sup in eel ar 


5 fr 
—— lower, 7 Is 3 cuout a 175 in the . 47 p- 
parent eee of 


_e Body, as in the Du- 
ration and Quant 


nin of Eg ＋ 
5. And The ld Abu & deduced from 
divers Principles or 3 


1. From oV, and is called the Motion of Longi- 
rate ofthe Moon, 


 Underſtood in this Ratio. 
1. The Periodical Mo-2 Days. Hours. 


* 
* 
* 80 


gion of the Moon, t. 
2. The Annual grer] Sp „ . 
many compl. Revolutions, & 4: 9 : 23 3. 
3. The Diurna ! —.—13 : 10: 5. 
4. The Hourly, — — ——32 : $56. 


2. From the Sun, and is called the Longitude of 
the Moon K and is thus. 
Days. Hours. 5 
The Periodical Tine 29 $ 32. 3-46 43: 
[ o ' 
The Diurnal Motion - 19 1 1. . 
The Hourly——— — : 28. 
3. From the gyn and is called the Azomaly 
of the Moon's Orb, of which, | 
Days. Hours. * 
I. The Povinyica! Time is 27 : 13: 18: 35. 
| ©. [1 77 
2. The Diurnal Motion is ” $33; 22-16 
2. The Hourly Motion is — 32 : 40. 
6. The Apogaeon of the Moon 5. ir changeable, 
proceeding in 4 following m manner, by an equal Mo- 
tion; of which, | 1 
e 
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8 Hourly i 


* 1 2e 
* ino the 


plates ; F hangers | 


the South, 


one inds 
which the 
North, 

dee 


the Sign 


Moon ack 


The RM n of 75 terrible Appellation * that 
the two Circles cutting 
bout the Point of Section, they are referr'd by the 
Firſt Aſtronomers to the Head and Tail of the Dra- 
gon; the Belly in the Middle being Broader. . 


8. Neither have theſ eſe Nodes 4 Fixed Seat Fr 
cep along by little and little, con- 
trary ta the order of LP * going-bef. efore. 


* 88 


* 2 odiack, but cr 


The Annual _ 
The Diurnal —— 


18 
5. Aud the Moon doth not rembim altacys 
10 the Sun, but as the 
the Sun Tos aſide from the Equa- 
He interſefting it in two 
cats the Ecliprick 
in two places, and turns aſide from i, peily mo 


85 are ealled Nodes 
ad of o the Drapes, thro” 


k, which is proper 


_ The Points of this 
alcendiny 
e Moon. 


Ye. Di. 


orion 15 


Ko. Mi. 


The Periodical time is 8 : 309 :7 : 36. 
The Diurnal M. 


# of the M 
imo rhe North. 


be Tail, of LID 


. * ng 
* 


The Hourly — 


9. The di re hon the Moon from | 2 Nodes, 
ie Called — J. Anomaly of and Moon La- 


titude. 


of which is 2: But the other 


each other 


0. 


19: I9 : 43 £ 


: 
. 2 70 
9 14 ? 4 


15. 
umcler 


uth into the 


„ by which the 
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And is no other than an Arch, compoſed 
the Nodes, and the nean Motion = 

the Moon. - 

Da. Ho. 3 


Mot ion 
gitude 


ThePeriod or Courſe of ths i 27:5: 15 : 36 


18 
And the Annual Motion 4: 28 : 42 : 
The Monthly Motion— 1 : © 
363, A Sis. being a whole Curl, io is omi 
Monthly 6 : 15 : 20: — 
The Diurnal Motion — 1 5 46 
The Hourly ay * : OF, 
10. And Nr the, greateſt Lititude of the Moon 
2 ; to wit, ſo much ar is the Angle, in 
ich the Plane of the Lunar Orbit inclines to the 
ane of the Eclhptick. © 
Neseachcicl om other cauſes, i in certain places, 
the Ratio advatices 17 alſo 18', » Concerning which 
Vp and Kepler have much Ae 
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07 the Aﬀedtions or jor Polſon of the Planets. 


Concerning the Kinds and Forms of Paſſions. 


I 1 HE Paſffions of the Planets, are ſome notable 
Affecliont or Accidents of Celeſtial Appear- 

ences, which may be taken notice of in any obſerva- 
tion 


part ll. Ch. 1 Of Theoretical Doctrine. 335 
tion of the Plaurtt, while they run along their $ 
ces 1 | 888 44 = 
They are commonly called Paſſions, an Appella- 
tion indeed not agreeable, but yet received in 
and therefore retained. 8 5 . my 0 
2. The kinds of them ( for the ſake of Teaching ) 
may be appointed Four, to wit, even as they appear. 
1. From the Eccentricity of the Planetary Orbits. 
2. From the Comparing of the Planets Motions 
to one another. | 6 
3. From comparing of the ſame with the Sun. 
4- From the Relation of them to the Earth. - 
3. Each of theſe Kinds, have Perticulars, 
or eſentations under — of which we 
ſhall ſpeak briefly. 


CHAP. I. 
Of the Repreſentations, or Particulars of the 
eff Kind of Pn... 


1. HE Firſt Kind of Paſfion, bath four Parti- 
T culars * under it ſelf, of which the 
Erſt is that in which Planets are ſaid 10 be, 
1. Direct. 
2. Retrograde. 
3. Stationary. 
I. A Planet is ſaid to be Direct, when its 
goer according to 2 order of the Signs. * 
2. Retr e, when it goes or walks contrary to 
the order of the Signs. 
= „ when "tis ſeen * 
Jome time in the ſame place of the Zodiack. 


2. The 
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| . The Cauſes of theſe Paſſwns: fome impute to 
| icicles of Eccentricks, which when they are 
in the ſame Climate or Coaſt with the Ec- 
entricks the Planets are DireZ ;, when 80 
more ſwift to the contrary ey are Retro- 
ade : Laſtly, when they go with both, as well Ec- 
ntri the Epicicle, in a like Pace, one while 
the order of the Signs, otherwhile con- 
they become Stat ionary. 
a Planet be carried in the Su- 
picicle HCF, it will be moved 
order, and is Direct, deſcribing an 
Lodiack ID G; but if a Planet appear 
part through FE H to A, the Center 

it again recedes by the meaſured De- 
G DI: But about F and H, in the end and 
inning of Pr and Regreſſion, when the 
Retrogradation of a Planet is equal to the Eccentric 
conveying. the Epicicle, for ſome time 
nes bet d e chat n ens 1 be 

tis ſuppoſed that it y 
cauſe two oppblits Motions happening mutually 
to it, they take away each other mutually, which 
Motion of the Planet they r= left it ſhould 
change the place under the Zodi 
But when the Motion is repreſented by the 

Epicicles of the not being in the Heavens in- 
deed, but ſuppoſed by Human Ingenuity, but not 
any way, as may be Demonſtrated from their Ge- 
nuine Cauſes: Therefore ſome aſſume ſuch Hypo- 
theſes, in which excuſe theſe Paſſions by the 
meer fallacy of che Sight, ſuch as is concerning the 
Jun reſting in the Center of the World, and the 
Earth going about it by an Annual Motion. 


3. All the Planets. are fubjet? 10 theſe Paſſions, 
except the two great Lights, the Sun and Moon. 


gs 


ced from the Proportion of majni 
neſs of the Motion of Eccentricks and Epicicles: 
Copernican H elis follows this exemp- 


4. The Second Species of the Firſt Kind, is that 
in which the Planets, 

1. Are ſwifter, or augment their CourſmGQQ. 

2. Are flower, or diminiſh their Courſe, 

3. They are faid to be indifferent. 


5. hoc 4 are ſaid to be more Swift, or to increaſs 
in Courſe, when their true Motion ts greater or 
ſwifter than their mean. 

2. Slower and Diminiſhing in Courſe, tuben their 
true Motion is flower or leſſer than their mean Mo- 
Ion. a 

3. Indifferent, when the true Motion is equal to 
the Mean. | 


The Repreſentative Cauſe is, when they are Ec- 


centrick as well as Epiciclick : But the Phyſical and 
Genuine Cauſe ſome ſeek in Sol, the Fountain of 
all Motion, whoſe moving Vertue being joined to 
the Eccentrick Orbs, is er when 


near, and Weaker when further off : Whence the 
Cauſe is compounded from Phylicks and Opticks. 
6. The Third Kind of the ſort of Paſſions i 
in which the Planets are 2 uns 
1. To be increaſed in Number. 
2. To be Diminiſhed in Number. 
7. 1. are ſaid to be Increaſed in Number, 
when the 72. 20. of true Mat ion follows the Line 
of mean ion. | 


That 
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* 
ion, i 
UNI Wach dt | 


true and mean Motion is greater in i; 
20 the Ancient Hypo 


z according 
theſes the Proſtaphereſi is made. 
In its greateſt Eccentric 2: 23 : 24 
Of the Sun In its . 50: = 
© 3 unftions ——7 4 : 56 : 20. 
of the In Gabe 8) 5 co. 


n 46. 


Of Fupiter ————— 16 : 8. 
Of Mars ——— — 52 : 45. 
Of Venus — : 0. 
Of Mercury —— 25 : 42. 


Whence it appears, how much he miſtakes, whi h 
takes the Mean Motions for the True. : 
8. The Fourth Kind of the firſt fort of Paſſions, 
is ” Aſcenſion and Deſcenſion 9 — 1 5 
1. are ſaid to Aſcend when 7 
Sup 2 to Apogzon, and K 2 4. 
Center of the World bigher into the + Shy. 
2. But to Deſcend, when they a = areal 


rom Apogzon 


ds P 
. to the OS Dir of 2 2 * 


And this Paſſion, as alſo the next e 
not found our zy Obſervations, bur only by Cal- 


* 


WA 
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Cn Ap. Ill 
Of the Kinds of the Second ſort of Paſſions. 


1. IE Second fort of Paſſions, which ſprings 
| T forth, from the comparing the Motions of the 
Planets together among themſelves, being their Con- 
figuration, is uſually called their Aſpetts. 

2. And the true placing of the Planets is known, 
from the Eargh, according to their Lines of Motion 
under the Z odiack. 5 | 

3. And ihe Kinds of A pete are indeed Innumer- 
able; From which notwithſtanding Aſtronomers haue 
gather d froe of the "= * themſelves by Obſerving 

hem: ; 


1. In Conjunftion or Copulation, when the Pla- 
nets are converſant in the ſame Degree of the Zo- 


diacke ; Ib 
The Note of it is 6 


2. In Sextile, or an Aſpet inat is Sexangalur, 
then the Planets are diſtant from each other by A 
Sextant, or bo Degrees. 

The Note of it is * 


3. In a Quadrate, or in a Quadrangle, being Qua- 
drangular, or in Quadrature, when they differ from 
one another by the ſame Quadrant of the Zodiac, 
or 90 Degrees. 

The Note or Sign of this is ©. 

4. Triangular, Trine or Triplicity, eben the Pla- 
nets are removed from each cther by a third part 
of the Zodiack, or 120 Degrees. RS 

The Sign of this is 4. 
2 5. Op- 
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5. Oppoſite, or in Oppoſition, when the Planets 
are mutually diſtant from one another -4 fix Signs, 
or 180?, and are beheld from the Earth in the De- 
grees of the Zodiack, poſe to the Diameter. 
Ihe Sign or Note of this is 8. 
"Lo See Fig. 135. | 


1. To theſe alſo ſome add others, to wit, Seſqui- 
quadrate, Quintile, Sefquiquintile, Biquintile, Oflan- 
gular, Decangulur, which we leave to their 

2. And we muſtknow that all theſe AﬀpeQts do not 
agree to all the Planets alike, in reſpect of all things: 
Indeed the three Superior, and the Moon, common- 
ly paſs under all theſe differences of Aff not 
only towards themſelves by turns, but alſo to the 
other Planets :. But Venus and Mercury, becauſe of 
their very ſhort Interval, Venus not receding from 
the Sun beyond 48*, nor Mercury beyond 297: 
Fhey cannot accompliſh none of the Diftances of 
theſe Aſpects to the Sun: But to it Venus and Mer- 
2 rececle from each other by a Sextile Interval, 
and therefore they may have a Sext:/e Aſpect, and 
are conformable to no other beſides. 

. 2. And theſe Aſpects are not meer ſuppoſitions 
of Aſtronomers, but from the Nature of them they 
are brought into eſteem divers ways: For, 

1. According to theſe the Moon diſpenſes its 
Light to the Earth. | 

2. The Sun varies the four Seaſons of the Year, 
and 9 the Day, or ſhortens it, and makes it 

ual. | | | 

2. The ConjunQtions of Saturn and Fupiter, be- 
ing made Fan ya beginning of the Zolack are. 
{aid to be the chiefeſt and greateſt, which follow 
after almoſt every rwenty Years (to wit, always of 
two, Saturn and Jupiter, ſometimes of three, Saturn, 
Jupiter, Mars ) but diſtant from the . * 


* 
* 


oe 
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cy 15 e Arg one Thi Nen OR 
twenty Years, ſo thar to paſs rhrou 4 the whole 
Zodiack and all its Triplicities, they requite very 


near 800 Years : The more accurate Calculation is 
thus. 


From the Hypptheſgs of tht Ancients, betirten 
the two Conjunctions of Saturn and 1 be ac- 
carding to their. mean Motiens; there falls berweett 
of Fulian Years 19, Days 314, Hours 13: In which 
time they paſs over 8 Signs, and 3* under the Zo- 
diack, which exceſs of 3* cauſes, that After 10 of 
theſe Conjunctions they proceed into another Tri- 
aan ; and er they remain in one, Julien 

ears 196, ** I Hours bo : And the Revo- 

2 


3%. 44% rd. . 


ſution of all t 


Years 794, Days 133, ones 163 which being tun 


over, the great Conjunction again in the 
beginning of the Zodiack. ky , 


4. Therefore of fuch great Conjunctiors thets 
have only happened 8 fince the Erection ot the Orb, 


with which always happens great things to be done : 


to wit, 


I. The Creation of the World, or of out Firſt Fx: 
ther Adam. 


2. - Ib — away of Eaves. 


4. The Reſtam uration of tf the Roman Empi ire; e 
Charles the VN}, which happened in the Year of the 


Criſtian Epocha 1 604, alſo'a nem Stat was chen 1 
2 6. An 


= - 


3 2 0 
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6. And theſe Aſpefts are either True, which are b 
computed according to the Lines of True Motion : 
Or M in which only the Lines of Mean Motion ] 


are conſidered. : 
They are obſerved in the Moon, whoſe Conjun- 
Qtions and Oppoſitions Prolomy calls coupling; but 
in Calculating the other AſpeQts, 4. are 
content with mean Motions, ſince the Calculation 
of the true Motions in this buſineſs would indeed 
be more laborious than uſeful. 


CHAP. IV. 
Of the Third Kind of Paſſions, and of the ſame 


Sort. 


I. T H'E Paſſions of the Third Kind, in which 
the Planets are compared with the Sun, are 
of three forts : Firſt in which the Planets are ſaid, 
1. To Increaſe in Light. 
2. To Diminiſh in Light. 
3. Hypaugee, or Combuſt. 

1. They are ſaid to Increaſe in Light when be- 
ing remote from the Sun, they ſhine with much glit- 
tering. 

2. To Diminiſh in Light, when being near to the 
- 28 they caſt themſefves to our ſight by a dull 
_.--. 
2. Combuſt, when they lie almoſt hid under the 
Sun-beans. | 
The light of theStars indeed neither Increaſes nor 
Diminiſhes, but according to our Senſe in a vulgar 
manner, we ſpeak ſo, becauſe their Light appears 
at one time more clear, at another time obſcure, al- 
fo at another time they are not plainly ſeen by us. 


3. This 


part Il, Ch. IV. Of Theoretical Doctrine. 341 
3. This Puſfion is proper to all the Stars, as tuell 
Fixt as Wandring, the Sun only excepted, which: fince 
tis the Fountain of all Light, can be hid by none 
I cord of. th eber light 
| And the cauſe of the greater or leſſer light of 
the Stars it not one, but threefold : Firſt indeed - 
neral, as well to the Fixt, as to the common Wan- 
dring; to wit, the greater or leſſer diſtance of a Star 
from the Sun. : 
For the greater Light hides the leſſer, according 
to the Axiom of Opticks : Therefore alſo the nigh- 
neſs of the Sun, by its Splendor, hides the light of 
the other Stars; hut the Sun being departed further 
oft, makes the ſame to appear more clear : 


Examp. in Fig. 163. A is the Center of the World. 


MNO the Zodiack, G FE a Segment of the Sphære 
of the Sun, D CB a Segment of the Sphære of Penis, 
which is underſtood to go about in the Epicicle 
HIK L: The Right Lines therefore A I M and 
ALO drawn by the points of Contact I and 
ſhew in M and O the place of the greateſt digreſ- 
fion of Venus from the place of the Sun M; Venys 
therefore in H lyes hit, but is firſt beheld in P; 
although by reaſon of the Sun's nearneſs ſhe is ſcarce 
apprehenſible to ſight; being removed from hence 
into I, further from the Sun, ſhe ſhines with a grea- 
ter light : But afterwards from I towards K, while 
ſhe approaches again nearer to the Sun, ſhe again 
ſhines leſs: But from 2 to R ſhe again lies hid, 
and, as it were, Combuſt by the Sun- beams, until 
_—_ got from R, ſhe again acquires her Splen- 
Our. | 

5. Another cauſe of the Increaſe and Diminution of 
Light, beſides the other Planets, chiefly concerns the 
three Superiors, and is indeed the greater or leſſer 
diſtance of the ſame from the Earth. 


= 7.7: ay 
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For the enlightned Object ; nearet or further; 
as the quantity of Body, ſo alſo the CAearneſs of 
the Light is increaſed and diminiſhed : Therefore 
fince alſo theſe Planets are ſometimes elevated high- 
& in he Sky, ſometimes they lower themſelves 
nearer to the Farth ; ir-comes to paſs that by how 
mach further they are remote from - the Earth, by 
fo much they appear leſſer; and by how much 
nearer they are to the Earth, by ſo much greater 
they appear, not only in quantity of Body, but alſo 
in dleameſs of Light. WER ' 

6. The Third cauſe of the increaſe and decreaſe 
of Light being divers, from the r, the Moon 
claims chiefly to ber ſelf ;, and it 15 be 


cauſe the Moon 
having only a borrowed light from the Sun's being in 
Conjunttion with her, the hight recerved from the 
Sun is again retorted upwards to Heaven ; but the 
dark and ſhadowy whole half is preſented to our 
abt bn 1be Earth: And afterwards the Moon depart- 
ing from the Sun, part of it is ſeen by little und 
little to turn it ſelf to the Sun, and thereupon 4 
greater portion than the balf of it is ſeen, being 
enlightned from the ſame, amil at length being op 
Pede to the Sun, the whole Half is Eullgbtned at t 
Sun, and turns about the interpeſed Earth, and ſhines 
with a full Orb. 

1. The Moon wants proper Light, and hath only 
borrowed Light from Luminous Bodies, in the light 
of which the is converſant, no ſhadow interceding; 
and chiefly indeed from the Sun, the Fountair of all 
Light in the World; from thence we know ſhe 
borrows Light, becauſe in Eclipſes ſometimes the 
whole is ſuddenly loft, that not any-Foot-ſtep of it 
appears, when notwithſtanding in the place near it, 

ixed Stars may be ſeen of the fourth or fifth Mag- 
nitude: That the cauſe of this difference cannot be 
transterred to the thickneſs of Air, nor to the Sha- 

N | | mf m_—__ 
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dow of the Earth, which enters in Eclipſes, in 
which Eclipſes, it ſhe ſhould haye any proper Light, 
ſhe ought to ſhine more ſplendid than without the 
Shadow, as in an unſeaſonable or dark Night, all 
light of the Day being abſent, the light of the Moon 
CIS a Light, that it almoſt changes the Night 
into Day. be ts. FG 
2. Moreover, that the ſame Moon ſhews to us al- 
ways one and the ſame Face, we are aſſured of it, 
from the blemiſhes of it, which are always diſoern- 


ed in the ſame poſition. 8 5 
3. And that tis not Pellucid or Shining, but is the 
ſime ſhady Body, is evident from this, that neither. 
our Sight, nor the Rays of the Stars, nor the moſt 
ſplendid I; ht of the Sun, goes through it; for. be- 
hind it, all the Stars to whom ſhe. comes unto, lie 
hid, until ſhe be paſt them; alſo in Solar Eclipſes- 
the ſame ſo covers the Sun, that it turns the Day al- 
moſt into Night. C 
| 5 Therefore ſince alſo ſhe hath a Globous Body, 
and dy her Monthly Courſe turns her ſelf Circular- 
ly about the Sun, it follows thereupon, that the il- 
luminated is caſt againſt the Sun; and -altho”- 
that half of ir, which offers to the Sun, is always 
enlightened by the Sun: Yet our half, to wit, that 
which is ſeen by us, is ſometimes turned from the 
Sun, that it cannot enlighten it; ſometimes it is ob- 
jeQted in part only, at other times greater, and ſome- 
times leſſer : Whence we ſee it illuminated only in 
part, and indeed by reaſon of the Rotundiry of the. 
unar Body, we ſee it either Horned or Bi ſected, or 
greatly Swol'n up: Laſtly, ſometimes ſhe is oppoſite 
to the Sun ſo, that we may diſcern the waole, thinz- 
ing: In the like Ratio, but in an oppoſite manner, 
the Light of it again decreaſes : Sce Fig. 164. | 
In which A is the Center of the Sun, B the Cen- 
tex of the Earth, CD 12 is the Orb of the Moon, 
4 in 


* 


in which the Body of it goes about in; of the two 
halves, of which, one is always caſt againſt the Sun, 
and enlightned, either the White, or that which is 
cut with Lines, rhe othet is obſcure, being turned 
from the Sun, and is depicted Black: The White 
part is the Illuminated half ſeen by us, that cut by 
the Lines is indeed illuminated, but ſhews the part 
turned from us: The Lines drawn from H and I, 
the Extreams of the Sun, to K and L, the Extreams 
of the Body ot the Moon, determine that half of 
the Moon always enlightned by the Sun: But the 
Lines drawn from B, the Center of the Earth, to M 
and N, limit that half of the Moon M IN always 
turned towards us. 3 
Therefore the Moon being joined to the Sun in C, 
turns LO K, the whole illuminated half, from us; 
whence, nothing of it is conſpicuous to ns, { fince 
the whole looks upwards) but the obſcure or ſhady 
part looks downwards. 11 
Wichout the Conjunction, ſuch a portion of. the 
Moon is ſeen to ſhine to us as both the halves, nd 
hath that part common, which beholds the Sun and 
- us; as in Fig. 165, the Moon being in D, diſtant 
from C by leſs than a Quadrant, the common part 
is leſs than a Quadrant; and then the portion ſeen, 
appears in a horned Curvature, and hollowed in the 
middle, by reaſon of the Curvity of the Lunar Su- 
ie, in the ſame manner as is ſcen in the pre- 
nt Figute : But when the Moon is in E, diftant 
a Quadrant from C, that half of the Moon turned 


to us M PA, in Tig. 129, one half part is illumi- 
- - nated, and the other halt is as yet dark or ſhaded; 


theretore the Moon is ſuppoſed to be cut in the 
middle: In the ſame manner. if the Moon be in F, 
diſtant from C, by a ſpace greater than àa Quadrant, 
it alſo ſhews to us a greater part illummated than 
an half, and now ſhe begins to become ſwelling or 
gibbous. . 1 V Lattly, 
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Laſtly, the Moon being in G, te to the 
Sun, the whole half ſeen is illuminated by the Sun, 
and therefore the whole Orb ſhining, ſhe imparts 
all - Light to the Earth, which ſhe ws from 
the Sun. 


7. And there are five droers kinds of Illumina- 
tion, the Order and Appellat ion of which ir thus. 


1. The Firſt happens in a Conjunction of the Sun 
and Moon, in which the Moon is placed between the 
Earth and the Sun, receroing all the Light from the 
Sun, 4 retorts or 4 it 2 to the Heavens, 
but the Opacous er Shady Half ſhe 7 downwards 
to the Earth, and our Sight : Then becauſe in ſuch 
Conjuntion the Moon is totally deprived of Light, 
ſhe eſcapes our Sight, and therefore *tis ſaid to be 
more privative. 1 

But the time of this Conjunction is called Inter- 
luntum, the Moon giving no Light, for from this 
time ſhe is ſuppok to grow up again anew, and 
to be enligh : but the Moon being in Conjun- 
tion, and not ſhining, is uſually called New Moon, 
and from hence alſo until ſhe is oppoſite to the 
Sun, 'tis called the increafing of the om. 


2. The Second W when the Moon, two or 
three Days after the Conjuntlion, goes forth from the 
Sun beams, and turns the part ſeen by us, by little 
and little to the Sun, and begins a new to be enlight- 
ned and appear. 


This continues to the Seventh Day, at which time 
the Moon proceeds from the Sun by a Sextile Aſ- 
pect, even to a Quadrant: But the Moon at irs firſt 
appearance, is called the Firſt Day, the other Days 
ine is faid to be Horned, Crooked, by reaſon ot its 
apparent Form, 


3. The 


/ 
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3. The Third, ir when the Moon at the Seventh 
Day, is diſtant from the Sun by a Quadrant of a 
Cirele, its hollownefs being filled up, ſhines by an 

This time is called from the Figure of the Moon, 
the Square or the Firſt Quadratuze, from the Poſiti- 
on of the Moon to the Sun, but.the Moon bei 
BiſeCted in the middle, is uſually called half Fu 

4. The Fourth, it, from the Seveml Day, even to 
the Fifteenth, and therefore after the firſt Auadra- 
ture even to the oppoſition, ſhe is Swelling and Gib- 
bous in the middle, and is bebeld to ſhine by more than 
an balf Orb. | Sho 

This Moon is named, Swelling, Gibbous. 

5. Laſtly, the Fifth, is when the Moon at the 72 
teenth Day is oppoſite to the Sun diametrically, be- 

ing diftant from it by the whole Heaven, and ſhines 


with its whole Orb. 3 
Then the Moon is ſaid to be Oppoſite, Fu ſhinin 
all Night ; and at this time call Full = 
or in ion. 
For from this time, even to the other New Moon, 


the Moon begins to wax old, er decreaſe, and re- 
peats all theſe in a Retr Order. 
1 from the TONS y to N Read, 
again Gibbous; again the Twenty ſe- 
cond Day ſhe becomes halved : From hence to the 
Twenty ſeventh Day ſhe ap almoſt anew a- 
gain, and horned : And the laſt Day of appearing 
is called the moſt New Moon, aftewards on the 
Twenty ninth or Thirtieth Day ſhe is joined again 
to the Sun, and is as it were renewed or born again. 
(Therefore by reaſon of this, 1. In the Conjun- 
Aion of the Sun and Moon, the Night is dark, and 
without Von ſhine. | 


2. In 
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2. In 8938 the Moo ſhines all Night. 

3. In the firft Square numbred from the Conjun- 
Aion, the former part of the Night is illuminated, 
and the latter part of the Night is dark, or withbut 
1 Hot aDuretibin, Ao 

e latter Square | tion, 

*. part of e Nie ſhe fhines not, and the 
latter part ſhe ſhines. ) | 


8. The Second Kind of the ropoſed Sorts of Pof 
frons, is that in whith the Plater; are ſaid tobe, 
1. Oriental. 5 | | 15 
2. Occidental. 3 $9 
3. Pernox, or remaining all Night. 1 25 
9. 1. Oriental, when a Planet ariſes in the Mora. 
ing before the Sun. 5 
2. Occid when ſhe Sets in the Evening. af- 
ter the going down of the Sun. 
3. Pernox, when the Planet riſes in the begin- 
ning of the Night, and Sets at the end of it, and ſo 
is above the Horizon all Night long. 


So the Moon increafing from the Conjunction to 
the Oppoſition, is Occidental or Weſtern ; but de- 
cteafing from the Oppoſition to the ConunCtion, 
ſhe becomes Oriental, or Eaftern : Venus alſo chan- 
ges Orientally and nn for being Oriental 
the is called Lucifer, or the Morning Star, but be- 
ing Occidental the is called Ve/per, or the Evening 

tar. 


10. And the Third Kind of the Third Sort of 
Paſfions is that in which the Planets, 


1. Are compared between themſelves, ſome Ri- 


ſing Heliacally ſwifter or ſooner, others more ſlow- 
ly or later. 


2. Each 
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2. Each one alſo appearing ſometimes ſooner 
from the Sun beams, other times tarrying longer. 


11. The cauſes of this thing are three. 


1. Is the ſlower or ſwifter removing of a Planet 
from the Sun, or of the Sun from a Planet. 

| For this Cauſe, 

1. Saturn diſplays it ſelf ſooner from the Sun 
beams than Zapiter, and this ſooner than Mars 
for as much as Saturn purſues the Sun in the Diur- 
nal Motion moſt ſlowly, Jupiter more ſwiftly, 
Mars moſt ſwiftly : one and theſame of theſe ap- 

or emerges ſooner or ſwifter in Apogeon than 
in Perigæon, becauſe the Motion of them is there 
1 

2. Venus ercury being Retrograde, d 
ſwifter or ſooner from 4 Sun, than on 
3. And the Moon being ſwift in motion, ſhews 
her ſelf ſooner than if ſlow. 

2. The Second Cauſe, zs the diverſe Latitude of 
the Planets. 25 7 

For a Planet after a Conjunction Northward, ap- 
pears ſooner or {wifter to us in the Northern part 
of the World, than if it were Southern : Whence 
alſo it comes to paſs that ſome Stars by reaſon of 
their great Latitude Northward, are beheld as well 
in the Evening after Sun Setting, as in the Morn- 
ing before the Riſing of the ſame. 


3. The Third Cauſe 7s the unequal Aſcenſion of 
the Signs of the * —_ 3 
For a Star which in Signs rightly aſcending, goes 
before the Sun, x ner be diffant row, by a 
ſhorter Arch of the Zodiack, yet tis eſteemed to be 
further removed from ir, than if in Signs aſcending 
obliquely, it departed from the Sun by a greater 
Arch ot the Zodiack. 2 
4 
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4. A Fourth Cauſe, is the Obliquity of the Hori- 


Zn. 
This alters the former cauſe v 11 for the 
livers poſition or placing of the changes 
the Angles which cuts the Ecliptic; which by how 
much are leſſer, they require therefore a greater 
diſtance of the Sun from the Earth for the conclu- 
Limit of Apparition. 
( According to theſe 1 Cauſes, of 
all the 2 9185 ng deficient ef — ha =—— 
nds its Ri 1 or | os: _ orth; for ſome- 
ler in the ſame D pears Old and N. 
and then *tis called il 4 the Firſt, to wit, 
A.. all theſe cauſes — they make her ſwifter 
e, and Northern, in Signs of greater de(cen- 
oo " by how much the ewer of theſe Cauſes 
meet together, by ſos much the ſlower, to wit, ſome- 
times after the Second Conjumction, ſometimes the 
Third, now and then the Fourth, ſhe appears con- 


— by ber ſelf in the laſt day. ) 


— — 


CHAP. V. 
Of the Kinds of the Fourth ſort of Paſſions. 


HE Fourth Kind or Sort of Paſſions, from 
the Relation of the Riſing of the 3 to 
the Earth, hath Three Kinds or Sorts. 
1. The Parallaxes of the Planets. 
2. The Refractions of the ſame, of which we 
1 ſpeak in this Chapter. 
Eclipſes of the Sun and Moon, of which 
we ſhall treat in the following Chapter. 
2. The Parallax, ic an Arch of the Vertical Uircie, 
wercepied between the true place of tbe Star bers 


from 


„„ N OO. Bob. 
from the Center of the Earth, and the apparent 
place, obſerved from its Surface. 8 

For if from the Center of the Earth you draw a 
Right Line through the Body of any Planet even to 
the Zodiack : And another alſo from the Surface 
of the Earth, or from the Eye of the Speftatot to the 
fame ; tis mahifeſt, that thoſe Lines will meet in 
the Body of tlle but they will preſently 2 
gain part or dis}oin, and that will ſhew to be in one 
-place of the Zodiack, and this in another : There- 
tore this place which is ſhewn- by the Right Line, 
drawn from the Eye of the Spectator on the Surface 
of the Earth, we call the Apparent place: That 
place which is ſhewn- by the Right Line drawn from 
the Center of the , we call the true place of 
the Planet; and the Arch intercepted between theſe 
two places we call the Parallax, which ſome call 
the Variation, Cha Wandring of the Sight, 
Unlikeneſs of Aſpe&. k . 

(Vote, Hitherto the true and apparent place ot Motion, hath 
been one and the ſame, but in this buſineſs of parallzxes tis 
otherwiſe z one is the True place, the other the Apparent ; 
which we t fit to, Note, leſt you ſhould be deceived by the 
uncertainty of the Terms.) 

2. And this Paſſion agrecs not to all S tars, but 
to thoſe only, to whoſe diſtunce from the Farth, ile 
Semidiameter of the Earth hath Senſible Magnitude. 

Therefore from this kind of Paſſion are excluded 
the Fixed Stars, with the three Superior Plancts, 
to whoſe diſtance the Semidiameter of the Earth 
hath ſcarcely the Ratio of a Point: The Sun either 
hath none, or not an whole Parallax, which is dit- 
cover'd by Obſervations : And 'tis reckoned either 
from ſome other diſtance firſt known, or from the 
Ratio of the Lunar Parallaxes, or from Solar Eclip- 
fes; and is then only uſed, if che moſt accurate 
Raito of Calculation requite it. BE 


\ Fen's 


* * 


Part H.Ch. V.. 07 Theoretical Nocttrine. 235214 
Venus and Mercury have Parallaxes without doubt, 
W oe, 4/ironomers are not Sollici- 
m_— lech ae 2 22 
is left, w tis ment to 
it makes a Parallax diſcovergble by Obſervations. 
3. And the Parallax is confidered, as well ix the 
Zodias, as in the Vertical Circles. 
Ther is an Arch of the Vertical Circle intercep- 
herween the Trus and Apperent place, and fbems 


f 1 
the d. ** both... * is E . 9 
Wee Center of the World, or of 


In Fig. 166, A is the Ct | 
the Earth, 4 B the Semidiameter of the Earth, C the 
Body of the Moon; Therefore A CD ſhew that D 
is the true of the Moan in the Zodiack, and 
the _— 9 .— that mY the _— 
a EAT PLACE, in Manner à8 appears mom 
8 of the Earth B: And there is a quadrant 
of the Vertical Circle F G, between the ih F, 
and the Horizon A G, paſſing through the true place 
of the Moon D, and the Apparent E: Therefore the 
Arch D E is the Parallax conſidered in the Vertical, 
whereby the Eye in 3, by its fight, errs from the 
true place D. 

5. The Parallax conſidered in the Zodiack, is ei- 
ther of the Longitude or Latitude of a Star. 

6. The Parallax of Longitude is an Arch of the 
Echiptick, oe of between two Circles paſſing 


| thro the Poles of it, of which, one ts drawn thro 
the true, the oth 


- thro the Apparent place of the 
' olagr. 
In the precedent Scheme, HT is the Ecliptic; the 
lack D 2 from the true place cuts the Ecliptic in 
Kat Right Angles, and conſequently through the 
Poles : So E L the Arch drawn from the Viſible 


hee cuts the fame Ecliprick in L at Right Angles, 


r is the Arch of Parallax according to 
tude. 
1 | 7. The 


a = > ——— — — 
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2 The Parallax of Latitude * an Arch Fa great 
- Circle at Right Angles ta the Ecliptict, intercepted 
berween two Parallels of the Ecliptick, one of which 
paſſes thro the True place, the other thro' the Appa- 
rent place. i "ITE. 91 
In the ſame Scheme MN is 2 Parallel of the 
iptick drawn thro? the true place D, cutting the 
EL in O: But P is a parallel paſhng thro? 
E the nr 
nued in R: Therefore the Arch DR or O E is the 
Parallax of Latitude, coſtituting a R ed Pa- 
rallelogram DO REE, of which, = of the Sides are 
Arches of Circles, yet by reaſon of the ſmall differ- 
ence, they may be accounted for Right Lines : But 
the Diagonal of this Parallelogram D E is equal in 
power to the Sides DO and OE, or DRand RE. 


8. The Parallax confidered in the Vertical Circle, 
bath theſe Properties. 

1. The Moon being in the Zenith, as happens in 
the Torrid Zone, the Viſible or Apparent, nd the 
True place, fall in with one another. 

As in the Scheme, if ir ſhould be in E, then AF 
and B F make one Line, 

2. The Moon being remote from the Zenith, the 
on place and the Apparent differ between them- 

ves. | 

3. And both is in the fame Vertical, but the Ap- 
parent always lower than the True place. 

4. The greateſt Parallax is made in the Horizon. 

5. The Moon by how much remoter ſhe is from 
the Earth, it produces the leſſer Parallax ; and the 
greater, by how much lower ſhe is. 

6. Retractions alfo increaſe Parallaxes, and make 
them greater than Juſt. — | 

9. The Parallax con/idered in the Zodiack is thus. 


. The 


4 F 
the 


ake 


4. 


the Horizon,” hath no Parallax of Longitude. 
2. In which the Ecliptick is Vertical, and paſſes 


through the Zenith, having no Parallax of Longi- 


tude, which can only happen in the Torrid Zone. 


3. Beyond 30* of Polar Altitude to thoſe that 


inhabit Wards the North, the Parallaxes always 
happen in the South, and make the Moon more 


Southward than indeed ſhe is; whence alſo the 
Northern Latitudes of it are always leſs than true, 


but the Southern greater. | 
4 br wa qua upp ol the Moon appears more 
rattern than in truth is, but from 90“ to the 
Welt ſhe appears more Weſtern than ; 
the A place precedes, here it follows the 
True according to the order of the Signs. 

( And gos of the Ecliptick is that which is equally diſtant 
from the Eaſt and Weſt : The Moon being conſtituted in it, is 
known from the following Rules. 5 


M beigg hung up, touch, as it were, both 
horns of the Moon, pollctics pe. | 

2. If the upper Horn turn to the Eaſt, ſhe is not as yet come 
to 90: If ts the Welt, ſhe hath already exceeded it.) 


Of Refractionc. 


10. Refration, is the Elevation or Suppreſſion of 
ay Star by reaſon of thick, and unequal tranſparen- 


cy, to wit, the Vapors Elevating themſelves from the 


karthly Globe. 

By reaſon of theſe Refractions, the Stars do not 
always appear in that place, which indeed they are 
n, but a higher — the Horizon than Aſtro- 
nomical Calculations admit: Likewiſe the Sun, and 
he other Stats are ſeen to Ariſe ſooner, and Set la- 
er, than in truth they Riſe and Ser. 

The Image of Sol. and Luna in Vapors by Refra- 
Aion, you may ſee in Fig. 167. = 
| a 
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1. TheMoon' being in 96* of the Ecliptick above 


; there 


: 

TED j 

. % . 
f # 4 
C by 
7 by 
* L 
£ 4 

2 
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7. The Parallax of Latitude # an Arch of agreat 
| Circle at Right Angles ta the Ecliptict, intercepted 
between two Parallels of the Ecli _ one of which 
paſſes thro the True place, the other thro the Appa- 
rent place. . 

In the ſame Scheme AN is a Parallel of the 
Ecliptick drawn thro? the true place D, cutting the 
Arch E L in O: But P is a parallel paſſing thro? 
E the _—_ place, and is divided by K D, conti- 
nued in R: Therefore the Arch DR orOE is the 
Parallax of Latitude, coſtituting a Rectangled Pa- 
rallelogram DO RE, of which, any of the Sides are 
Arches of Circles, yet by reaſon of the ſmall differ- 
ence, they may be accounted for Right Lines: But 
the Diagonal of this Parallelogram D E is equal in 
power to the Sides DO and O E, or D R and RE. 


8. The Parallax conſidered in the Vertical Circle, 
bath theſe Properties. 

1. The Moon being in the Zenith, as happens in 
the Torrid Zone, the Viſible or Apparent, and the 
True place, fall in with one another. 

As in the Scheme, if it ſhould be in F, then A4 F 
and B F make one Line, | 

2. The Moon being remote from the Zenith, the 
— place and the Apparent differ between them- 

ves. 

2. And both is in the fame Vertical, but the Ap- 
parent always lower than the True place. | 

4. The greateſt Parallax is made in the Horizon. 

5. The Moon by how much remoter ſhe is from 
the Earth, it produces the leſſer Parallax ; and the 
greater, by how much lower ſhe is. 

6. Retractions alfo increaſe Parallaxes, and make 
them greater than Juſt. 


9. The Parallax conſidered in the Zodiack is thus. 
I. The 
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| 1. The Moon being in 90* of the Ecliptick above 
| the Horizon, hath no Parallax of Longitude. 
2. In which the Ecliptick is Verrical, and paſſes 
through the Zenith, having no Parallax of Longi- 
> | tude, which can only happen in the Torrid Zone. 
> 3. Beyond 30 of Polar Altitude to thoſe that 
>» Þ inhabit towards the North, the Parallaxes always 
happen in the South, and make the Moon more 
Southward than indeed ſhe is; whence alſo the 
Northern Latitudes of it are always leſs than true, 
but the Southern greater. 
From the Eaſt to 90“ the Moon appears more 
Faltern than in truth ſhe is, but from 90“ to the 
Weſt ſhe appears more Weſtern than juſt; there 
the Apparent place precedes, here it follows the 
True place, according to the order of the Signs. 
(And gos of the Ecliptick is that which is equally diſtant 
from the Eaſt and Weſt : -The Moon being conſtituted in it, is 


known from the following Rules. 
1. If a Perpendicular being hung up, touch, as it were, both 
horns of the Moon, ſhe poſfaltes . ; ; 
a 2. If the upper Horn turn to the Eaſt, ſhe is not as yet come 
ir Wo o: If to the Weſt, ſhe hath already exceeded it.) 
he Of Refractionc. 
m- 


10. Refraion, is the Elevation or Suppreſſion of 

\p- {Mey Star by reaſon of thick, and unequal tranſparen- 
'y, to wit, the Vapors Elevating themſeives from the 
n. {WErthly Globe. 
om By reaſon of theſe Refractions, the Stars do not 
always appear in that place, which indeed they are 
in, but appear higher from the Horizon than Aſtro- 
nomical Calculations admit: Likewiſe the Sun, and 
he other Stats are ſeen to Ariſe ſooner, and Ser la- 
er, than in truth they Riſe and Ser. | 

The Image of Sol and Luna in Vapors by Refra- 
Aion, you may {ce in Fig. 167. 


Aa The 
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2. The greateſt Refrattions are made. near the Ho- 
rizon : But about 45* of altitude they became inſen- 
ſible. L TE, OS : 
The cauſe of this is, not ſo much that there is 
more Vapors about the Horizon, as that becaule the 
Beams extend to us very much Oblique : But this 
is not hindred not only by the diminiſhing of Va- 
pors, but that in penetrating the Vapors, the light 
of the Sun and Stars are more direct, and arrive to 
us unbroken. 


And by what Law Refrations are made, and how 
they are found from Heaven, the Ingenious Tycho 
Brahe hath taught in making two Tables of Refra- 
ions, one for the Sun and Moon, the other for the 
other Planets and Fixed Stars. 


— 


1 


CHAP. VI.. 
Of ECLIPSES. 


I. Mong Heavenly things, the Principal, and by 
ſome ejtemed very ſtrange, are the Eclipſes 
| of the Sun an] Moon, or the defect and fainting of 
the Luminaries, as ſome call them. ; 
2. Theſe are the Interception of the Lyn of the 
Jane, that it cannot be beheld by us Inbabitants on 
arth. | 8 
2. And as the great Luminaries are two, the Sun 
and Moon, fo alſo the Eclipſes are twofold, Solur 


au Lunar. 
Of Lunar Eclipſes. 
4. A Lunar Eclipſe, is the Privation of the Light 
of the Moon received mutually from the Sun, which 
1s male by the Earth interpoſing in Oppoſition to the 
Diameter of the Sun and Moon. | 
I, There- 
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1. Therefore Eclipſes of the Moon happen only in 
the Oppoſition of the Sun and Moon, or in Full Moon, 
whereupon the Moon ſhould ſhine with a full Orb. 
2. The cauſe of this is, becauſe the Moon wants 
oper light, and ſhines only with a þorrowed light 
om the Sun: In Oppoſition therefore, the Earth 
Interyenes between the Sun and the Moon, and not 
only by reaſon of its Solidity hinders the paſſage of 
the Sun beams to the Moon, but alſo together wich 
the compaſted Air, cafts an obſcure ſhadow on the 


oppofite to the Sun, which being covered, the 


oon wants, and is deprived from light. 
3. But Lunar Eclipſes do not happen in every 
2 or Full Moon, but then only when the 
n is Diametrically oppoſite to the Sun, ſo that it 
either conſiſts in irs Nodes, or in the points of Inter- 
{tion of its Circle with the Ecliptick, or not far 
from them: See Fg. 168. 


Bur when in the time of Full Moon ſhe wanders | 


ſomewhat further from theſe Nodes to the fide of 
the Ecliptic, then the Terreſtial ſhadow being weat- 
ned, ſhe eſcapes free from the Eclipſe or DefeQt. 

5« And che Lunar Eclipſes are twofold : Total 
and Partial; or Wholly and in Part; i thoſe, /he 


the whole Moon is hid; in theſe, only ſome part of the , 


Moon is obſcured : See Fig. 169 and 170. 


6. Both are twofold, for yy made Total, either 
the Terreſtial Shadow, ar 


when there is ſome delay in 
without delay. 

In Part alſo, either half of the Body of the Moor: is 
wanting, or more or leſs than half See Fig. 171 and 
7. 

- 7. The Cauſes of this Variety are Four. 
1. The unequal Latitude of the Moon, or tube 
greater or leſſer diſtance of it from the Ecliptick. 

For a greater diſtance leſſens Eclipſes in the 12:1/ /- 
of Duration and Quantity, but a leſſer increaſes the 
ume. Aa 2 2. 14 
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2. The unequal thickneſs of the Terrene Shadow. 
For the Earth which is much leſs than the Body of 

the Sun, caſts trom ir felt a Conoid ſhadow, which by 

how much higher tis advanced, tis the more dimi- 

nithed, until ar length it decays into a point; there- 

tore when the Moon goeth lower, ſhe paſſes thro' 
the grolſer part of the thadow : from which the 

Fcliple is increaſed ; when ſhe is higher from the 

Earth, ſhe paſſes thro' the thinner part of the Sha- 

dow, whence Eclipſes are diminiſhed ; Tig. 173. 

In this Figure the Moon paſſes thro A and B, the 
groſſeſt part of the Shadow, but higher in D and C 
the paſſes thro' the thinner part. 

2. The unequal diſlance of the Sun from the Earth, 
which likewiſe alters or varies the groſsneſs of the 
Terrene Sha.lots. 

For the Sun in 4 8 is remoter from the Earth, 
and ir makes a groſſer and longer ſhadow, but being 
in Pcrigeon, ſhe makes a thinner and ſhorter ſha- 
dow. [he being nigher to the Earth. 


ma i174. The Sun being Higher in C, Terminates the ſha- 
dow of the Earth K, but the Sun being lower in F, Terminates 
the ſame in C: Therefore the Moon by her paſſing through the 


ſhadow about M N, finds it thicker, by the Suns ſtaying at Apo- 
tan than at Perig æon. 


4. Laſlly, the fourth Cauſe, is the unequal Digreſ- 
fron of the Moon. from the true of the Sun 3 for the 
Meon bing ſteiſt, ſhortens the time of Duration, 
but being flow draws it forth longer. 

8. And Eclipſes are 7 ed by the magnitude 
of Lunar Digits, of which the Diameter of the Moon 
15 un-lerſiood to bave 12. 


Sce Fig. 171 & 172, In which you may perceive that the De- 


fett or Eclipſe of the Moon may ſometimes be ſo great, that if 
it had 22 ſuch Digits, yet all may be Eclipſed. 

9. The beginning of Lunar wy is made from 
the Euſtern part of the Moon, on which fide alſo the 
4 bt of the / ame 1s firſt reſt ored. 


For 
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For ſince the Moon proceeds from the Weſt into 
the Eaſt, to wit, by its proper Motion, whither the 
ſhadow: enters, therefore irs Eaſtern part is firſt E- 
clipſed, and in iſſues forth. 272 „ 

10. But in Partial Eclipſes, if the Latiaude of 1he 
Moon is North, its Southern part is Eclipſed, but 
if the Latitude be South, ſhe ic Eclipſed in the Nor- 
thern part. TT HR +. 19 5 
For the ſhadow of the Earth is always oppoſite 
to the Sun, and che Sun always remains in the Eclip- 
tick: If therefore the Moon in Eclipſe hath North 
Latitude, of neceſſity the South part of it will be 
Eclipſed, and the contrary. 

11. Although the Eclipſe of the Moon be bebeld in 
the ſame Moment of Natural Time, and in the ſame 
Yaantuy, by all thoſe above whoſe Horizon the Moon 
1 Ri 75 the number of this time is droers, by 


reaſon of the Variety of Meridians ; by reaſon of 
which, thoſe that are Eaſtern always number more than 
thoſe that are Weſtern. | 

So in the Year of Chriſt 1497, the 18th Day of 
January, the beginning ot a Lunar Eclipſe was ob- 
ſerved at Rome, 5 Hours and 24 Minutes after Noon 
but at Noriaberg, a place more Weſt, at 4 Hours, 
and 52 Minutes. 

Ot SOLAR Eclipſes. 

12. A Solar Eclipſe, is the Averſion or Turning 
away of the Sun beams from the Earth, which 1s by 
reaſon of the Interpoſitien of the ſhadoney Body of the 
Moon, between ihe Sun and the Earth. 

1. Note theretoxe this difference between an Eclipſe 
of the Sun, and one of the Moon: In a Lunar Eclipſe 
both the Moon is deprived of its borrowed light 
from the Sun, and we the Dwellers on Earth from 
the light of the Moon: But in an Eclipſe of the S: n, 
the Sun loſech nothing ot irs light, but the Moon 
utercepts the light ot the Sun from us. | 
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2. The Eclipſes of the Sun then only happen in the 
Conjundction of the Sun and Moon, or in New Moon. 
3. And the Cauſe of theſe, is the Interpoſition of 
the Moon between the Sun and the Earth, which 
hinders the paſſage of the Sun beams to us, and the 
ſhadow being caſt on the oppoſite part of the Sun, 
hides = _ 1 ; my 
4. Nor yet do Solar Eclipſes happen in every Con- 
junction + New Moon, but then only when the 
Moon is converſant either in the Ecliptic, or in the 
Nodes, or very near about the Nodes; as you may 
ſee in Fre. 129. 22 
5. And ſeeing the Lunar Conjunttion is threefold, 
1. Mean, 2. True, (of which we have ſpoke before 
in the ſecond kind of Paſſions ) and 3. Vifible or Ap- 
parent : When the Lines of Apparent Motion, are 
arawn from the fight of the Dwellers on E 
through the Center of the Luminary, they will hap- 
p_ in the ſame Degree of Longitude of the Zodiac; 
.nowing that Solar Eclipſes are ingaged only to a 
Viſible Conjunction. | | 
tor becaufe the Sun is not deprived of its proper 
liglu, but the Earth from the light of the Sun, by 
reaſon of the Moons being interpoſed, and the Sun 
exceeding ihe Earth by many port s. and the Earth the 
NM in Mognitude, and therefore the ſhadow of 
tire Moon cannot hide the whole Sun to all the Earth , 
therofore the Eclipſes of the Sun are not determi- 
ned tothe Center of the Earth, from which the limes 
cf true Motion are drawn, but io the fight of them, 
_ which the ſhadow of the Moon comprebends. 
in Fig. 176, AB is the Semidiameter of the Earth, B ſome 
place given on the Earth, in which the Left Hand reſembles 
the Eaſt, the Right Hand part the Weſt ; Therefore when the 
Moon C, the Sun D, are joined in 90 of the Ecliptick, there is 
n difference b.tween the viſible and the true Conjunction; but 
between the Eaſt and 9“: The Right Line 4 F G ſhews the true 
Conjunction of the Moon F, and of the Sun G, under the point of 


the Zodiack A: Aud the apparent Conjunction was whes the 
Moon 
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in 8: Where alſo it appears that the Yihb!ÞCoojuo- 


the true following : The 
En ee ws Digs eg loin 


13: the Solar Ec clipſes 22 twofold, in like 
pen as 7 5 1 127 wit, Total an Partial, bat 


. with #0 ffay. 


Ot 2 14 55 ho 4 [parity, dre maſt the 


have declared be ore in the 


is the et or leſſer Apparent La- 
ade f Ff SF gras diſtance | Apparer Sun 


and by how 1 tis greater, it makes both the 
Magnitude and the Duration of the Solar Eclipſe 
greater, and by how much the leſſer it is, it makes 
them ths leiſer. 

2. The unequal diſtance of the Luminzrjzs from 

ine 3 for the Moon being nigher to us, hides 
0 the Sun, than it ſhe were more remote. 

The imeq Gals motion of the Moon, as well the 

True, 48 that which appears to us by changing the 
Parallax, makes the Eclipſe of the Sun ſhorter, ſhe 
being ſwifter ; but longer, ſhe being flower, 
* 15. Solar Eclipſes are neither beheld in the ſame 
Moment of Time, nor in all Places, nor in the ſame 
Puantity. 

The cauſe of this, is the ſmall true magnirude, 
and ſhort removal of the Earth, and the quanriry of 


the Terrene, Glo being greater, and the greacelt 
quantiry of the Globe. 


For by reaſon of the motion of the Moon from 


Weſtern) erward to thoſe more Falternly ; fo 
that whiſe 15 Tight of the Sun is again reltored ro 
thoſe, theſe expect che Eclipſe to come; which hap- 


= only in thoſe places 15 the Earth, which the 
hadow of the Moon covers, in which the Eclipfes 


Aa 4 appear 


Weſt to „ . the Sun is fitſt hid to thole more 
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appear Total; round about in places not Hax remote, 
part only of the Sun ſeems hid, beyond: them no- 
thing of the Eclipſe is ſeen : for the ſhadow of the 
Moon alſo when 'tis gteateſt, hides or covers not 
beyond ſeventy Miles on the Earth, and can hide 
the Sun no more. CIR HE Fay ga 
In Fig, 177, you may perceive that the ſhadow of the Moon 
; > — 8 the light 3 b Feine, the th 1 
ile int B the w an is Ecli * 
the Sun lies e, aad the whole yart on D; fore if tha 
place D be put to the Weſt, and B to the Eaſt, the Moon by its 
motion tending fron Weſt, will make the Sun firſt Tclipſed in D, 
and after the Eclipſe being ended there, the Moon being between 
the Sun and the place 8, it will be Eclipe 06. 
16. The Quantity of Solar Eclipſes. alſo is Eſtima- 
ted by Digits, as well as Lunar, fo that hikewiſe 12 
Digits are attributed to the Sun. e e 
Notwithſtanding tis poſſible that the Sun may 
be Eclipſed 12 Digits with 11 Parts. 
And 'tis known for certain, that the Air in Top 
r 


Solar Eclipſes, hath been ſo obſcure ſometim 
beſides that the Stars have appeared ( Rich alſo 
appears to have happened in the greater Partial E- 
clipſes) they have thought it wholly Night, and 
there hath been need of lighted Candles or Torches z 
Such an one Mcft tin ſpeaks of, which hapned 1560 
in Auguſt, in which it was as dark as in the darkeſt 
Nights, neither could one ſee where to ſet his Foot, 
and the Stars in the Heavens did appear moſt clear- 
Iv : And which was moſt wonderful, the Birds fell 
trom the Air on the Earth, being frighted ar ſo great 
darkneſs upon the Earth, as Mæſtlix reports. Yet 
there may be other cauſes, as well in Eclipſes as with- 
out them, ot theſe prodigious dark Days; to wit, 
very thick Clouds, great force of Afhes thrown from 
Holes of burning Mountains: A thick conſiſtency, 
either nigh about the Sun, or in the Surface of it, 
and other things alſo which may hide the wy in 
. . &$:s 69 &# 1 ome 
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en places, which r may conclude the Day 
to t. 
inni Solar Eclipſes is aiaks the 

E55 1 1 of which 2 alſo 15 ft re- 
el 0 Ji e. P 

For the Moon be 7. from Welt to Eaſt, this 
EY is firſt hid, and firſt again laid open. 


56 if South, an the South part. 
ſe the. Sun is always. converſant undes 


{ 25 Moon 1s North, the Sun is Eclipſed on the 
071 


therefore according as the Moon con- 
0 en ſide, „ it 
is intercepted. = _ 


19% And we are wont to: Note in Eelipſee. 


1. The Duration, which is the time from the beginning of ob- 
bie even to the end of the ſame. 6 
2. The Scruples or Minutes of the Chance or Incidence, which 
nt an Arch of erl. Moon, which ſhe goes thro by her 
Mation of Longi otn the' Sun, from the beginning of the E- 


ples in Partial ones be Ge greateſt, in Total ones to the total 
—— ——__— 


3- The © tie of Iacidence zi th ſpace of time i in which the 
ova paſſes over the ples of Incidence. 

4. In the Moon are obſerved alſo Scruples, and the time of half 
an Hour, und thoſe are that Arch which the Moon paſſes over in 
her Motion of Longitude. from the Sun, from the beginning of 
Total ſcuration, even to the middle of the Eclipſe; but this 
the ſp of time it glides or paſſes by. 

20. To end his Diſcourſe 1 ſhall compriſe the dif- 
ferences of the Solar and Lunar Eclipſes, as it were 


in a Packet, or ſmall Bundle: Which are thus. 


I. The Sun in che Day time, the Moon only in the 
Night, is Eclipſed: 

2. The San is Eclipſed and Reſtored leiſurely, or 
by little and little in the New Moon, or Cunjundti- 
on: The Moon is Eclipſed and Reſtored by Degrees 
* in the time of Full Moon, or of Oppoſition. 

The Sun is ſeldom, the Moon oftentimes To- 

ally Eclipſed. 4 Let 


18. In Partial Ecli 7 of Sho Sun, 577 Latitude 


: 
55 


4. Yet in the whole, the Eclipſes of the Sun att 
more frequent than of the Moon. 
F. The magnitude of the Lunar, every whete on 
Farth, where the Eclipſe of the Moon is Confpieu- 
ous, is the ſame, the ſame time of Duration, the 
ſame Moment of Natural time, of the beginning 4nd 
ending, although under divers Meridians, "nutn- 
bred in divers manners: But in Eclipſes of the Sun 
It dne and the ſame time, they are elſewhere mbre 
Partial in the North than the South, in the South 
than the North; or leſſer in one place than another; 
beginning and ending at different Moments of time, 
laſting in ſome places ſhorter, in other places longer, 
and alſo in ſome places none at all. 

6. The Moon indeed is deprived of its 
licht: The Sun retains its Light, but that tis hid 
trom us by the Moon. ENS HARE FINE 
J. The Moon being obſcared; nevertheleſs ſong: 
times {he is beheld of a Rediſh colour, bur ſome- 
what Brown, and drawing t a Black colour; but in 
the Eclipſe of the Sun, the whole is hid. 
8. The Eclipſes of the Moon, happen in the true 
Oppoſition of the Sun and Moon, but yer no 
true Latitude, or very little of it: But the Ectipſes 
of the Sun happen not in ttie true Conjunction of 
the Sun and Moon, but only in the Viſible and Ap- 
parent, whoſe True Latitude alſo is not here confi- 
dered, but the Apparent. _... . ta 

9. The Total Eclipſes of the Moon are made 
ſometimes in a long time, at other times quickly 
The total Eclipfes of the Sun are all without delay. 

21. Laſtly inſtead of Corollaries, we' think fit 10 
Subjoin ſome Bucſtions, fit to' be Noted, from the 

I ucubrations of the Excellent Mæſtlin, and other 

Aſtronomers. AB: Aden 8d 


1. Whether the Lumitaries, are Etlipſed every 
c 1 
” : 9 An 41 10. 
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- Anſow. If we conſider the certain Motion of the 
Sun and Moon, and make Experience the Witneſs; 
there happens not only in every Year, but every ha 

Year, either: one, or two, or alſo three Eclipſes of the 


the Sun or the Moon is oftener E- 


2. Whether 
chpſed? „ 1 | 

Anſw. It is not only the Opinion of the Vulgar, 
but alſo of ſome Philoſophers,” That the Moon is 
oftner Eclipſed than the Sun: But fince the Terms 
belonging to Solar Eclipſes by reaſon of the Paral- 
lax of the Moon are the larger Luminary Terms, it 
neceſſarily follows® that the Solar Eclipſes are more 
frequent in general than the Lunar: Although the + 
Solar are only ſeen in certain Tracts of the Farch 7 
but the Eclipſes of the Moon are Univerſal, which ' ; 
appear in like manner to all that ſee the Moon. 

evertheleſs in particular, the Total Eclipſes of 

the Sun are fewer than the Lunar of all ſorts : But 
if we compate the Total of the Moon with the Tc- | 
tal of the Sun, the Moon oftener takes away the e 
whole Sun from che Earth, than the Earth takes away 
the whole Sun from the Moon: For the Body of 
the Earth being larger than the Body of the Moo 
receives more ſtroaks of the Moon, than the M 
from the Shadow of the Earth: Laſtly, the Number 
of the Torals of the Sun thro* the whole Earth is 
the ſame in a manner with the Number of all kinds 
3 Eclipſe Wes 
3. Hoto n clipſes M pen in one Icar? 

Almoſt in all fingle Lun Yous (to wit, of 254 
Days ) there happens either two or three of the Sun; 
but of the Moon, either none, or one or two: And 
ſo in the whole, there may happen in one Year ei: 
ther 2 or 3 or 4 or 5 Eclipſes, allo ſometimes 6 may 
happen, but not in a Lunar Year, but in a Solar, to 
wit, when the Eclipſes happen about the beginning 
of the Year. 4. IWbe- 


* 
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4. Whether or no Eclipſes are more frequent in our 
Tine, than in Time pol e 4 . 


This is proved in 


Cauſes: Bur as yet there is not mutation un- 
derſtood or ſhewn by any one in the Cauſes of Eclip- 
ſes, either Optick or Aſtrenomick: Therefore nei- 
ther more, but frequently the ſame Eclipſes happen 
now as in times paſt ; he that would deny them to 
be leſſer, rakes on him the trouble of proving and 
demonſtrating why, where, and when the Change is 
made ? He that determines the centrary is deceived, 
from this, that in Diaries in times paſt Eclipſes have 
been noted no otherwie, or ſeen only, as they are at 

5. Whether or no the Eclipſes of the Sun and Moon 
are Aftronomick Signs of the laſt Days approaching? 

There are ſome which deny it for theſe Reaſons. 
N I theſe Eclipſes proceed from Natural 

2. Becauſe the, ſame frequently hapned in old 
time, as at this Day. 

3. Becauſe Chriſt hath ſaid, there ſhall be other 
Signs præceeding the laſt Days to wit, the Falling 
of rhe Stars, the Comniotions of the Heavens, not 
having Natural Cauſes; alſo the Obſcuration of the 
Sun and Moon, of which Chriſt ſpeaks, proceeds 
from other than Natural Cauſes. 

Divines truly affirm it from the clear Texts of Holy 
Scripture, in Matth. 23. Mar. 13. and Lk. 21. an- 
ſwering to the aſſigned Reaſons : Likewiſe that the 
Rainbow was before the Flood, and had Natural 
Cauſes; and nevertheleſs was placed by God as a 
Sign that the World ſhould not any more periſh by 
a Flood: In like manner the Eclipſes alſo of the Sun 
and Moon, altho' they have hapned from the begin- 
| I ning 


e Negative Opinion. by this 
Argument, Where there is no mutation in Cauſes, 
there neceſſarily the Effects anſwer to the former 
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ning of the World, which had Natural Cauſes, yer 
they may be Signs to put us in mind of the Laſt 
Day's approaching. | | 

4 — or no the Moon be Obſcured by the 
Shadow of the Earth ? | 

Thus it hath been believed indeed in many Ages, 
which Opinion we alſo follow in the Doctrine of E- 
clipſes : But the Ingenious Kepler is doubtful of it; 
who ſhews that the extream Beams of the Sun, which 
ought to Terminate the Terrene Shadow, may be 
troke by two Misfortunes : Firſt, in a more thick 
Mean, to wit, from the Air at Perpendicular ; after- 
wards going from thence again into a thinner Mean, 
to wit, from the Sky from a Perpendicular ; and 
there ing together to ſharpen and ſhorten the 
Terrene Shadow, ſo that it cannot reach to the Sphare 
of the Moon: For the Point of this retracted ſhadow 
is not longer than 43 Semidiameters of the Earth, 
(when nevertheleſs others think that it may extend 
it ſelf to 268 Semidiameters ) but the Moon altho? 
in Perigæon, yet is not leſs from us than 54 Semi- 
diameters of the Earth: Theretore tis ſome other 
thing which deprives the Moon of its borrowed lighr, 
to wit, the ſhadow of the Air: For altho? it be a Pel- 
lucid or Clear Body, yet tis Opacous or _—_ be- 
cauſe it alſo contains Air, eſpecially about the Limb, 
as every Pellucid Globe appears more dark about its 


Extreams ; therefore it may ſpread the Shadow, not 


_ in it ſelf, but in a Thinner Body, to wit, in 
e Sky. | | 

7. From whence proceeds that faint light which ap- 
pears in that part of the Moon when '1is Horned, 
which is turned from the Sun, being clear while be- 
held nigh the North Weſt ? 
Arp. It is not properly of the Moon, otherwiſe alſo 
it would be perpetual ; when notwithſtanding about 
the New Moon tis moſt ſtrong in the weakeſt 
Squares, 


„ 
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zquares, and fcarcely ible by fight : But ſe. 
canli tis trom the Earth, being uf ted by the 
Sun, which refunds or caſts out again ſome light in- 
to che Moon; as alfo our Walls being ly Illu- 
ſtrated by the Sun, dart the light into Vallies, and 
cloſe dark places, and caſt in the Day to them. 
8. Why the Moon in Total Eclipſes ſometimes it 
wite loft, and ſometimes ſhines moſt plainly, with a 
d Colour, either by the whole Body, or in part? 
Again, the proper cauſe is not in the Light of the 
Moon, for it would be 1 in the ſame 
e but the Moon in that part of the 
ody which ſhines Red, falls in with the ſecondary 
Beams of the Sun, that is in our Air ſcatter'd about the 
Earth, being twice refracted, once in entring, _ 
in going forth towards the Moon, the darkneſs of 
which diſcuſſes a little. | 


9. Whether or no, and how the Moon, being much 
leſſer than the Sun, can hide the whole great Body of 
the Sun ? | 
- Anſw. Yea certainly, for by how much leſſer the 
Diameter of the Moon is than the Diameter of the 
Sun, by ſo much ſhe is nearer to the Earth than the 
dun; but near things are ſeen to have a greater Dia- 
meter than if the ſame were remote. 

12. Whence is that bright remaining Circle, which 

Sometimes in Total Eclipſes of the San is beheld 
round about on every fide £ 

Becauſe this Circle ſometimes is beheld when the 
Diameter of the Moon appears greater than the Dia- 
meter of the Sun, ſo that the Moon un to hide 
the whole Sun; tis ary that the Cauſe ariſes 
not Aſtronomically but Phyfically. 

Kepler ſays it is the Pellucid Air ſpread about the 
Globe of the Moon, in which the Sun beams are broke, 

as well in entring from above, as in going forth 
downwards, and happens refracted to our _ 
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thit manner in which the ſame Sun beams are dimi- 
iſhed. in our Air ſpread about the Earth; and there- 
fore that Circle is rather of the Moon, than of the 
Sun, being Wuminated by the light of the Sun. 
11. Whether or na the Eclipſe 'o the Moon may 
happen, both Luminaries being above the Horizon, 
ant ſo withow the Line of Oppoſition? = 
hat may be by reaſon of the Refraction of the 
Beams of oh Sun and Moon; whence it comes to 
paſs that the Sun, ot any other Star being hid, as yer 
in truth beneath the Horizon, may appear above the 
fame: Such an Eclipſe Mæſtlin ſaw at Tubing in the 
Year 1590, the ſeventh of July in the Morning, the 
Scheme of which you may ſee in Fg. 167. belong- 
ing to the Doctrine of Retractions. f 
12. Whether ather Stars may alſo be Eclipſed in 
that manner a4 the Sun and Moon? | 
No Star can be Darkned and Eclipſed in Light like 
che Moon, for Vm and Mercury are not oppofite 
to the Sun: The Shadow of the Earth extends in 
n0:manner-to- the Superior Planets and Fixed Stars; 
But like as in the Eclipſe, the Moon hides the 
in the ſame manner as well the Fixed Stars as 
the may be hid, according to the Ratio of 
Latitude, by all che Inferior ones. Se x 
13. Whether there may be given ſome Eclipſe, or 
ſuch a returning again, which ſhall be like to the for- 
mer in all things © | ES! 
To. this Queſtion Kepler anſwers in his Epitome 
of Aſtronomy, in this manner: By reaſon there are 
many Principles concurring 10 7 Eclipſe, there 


cannot. be any 'exalt order of coming back again; for 
the latter Series of them claims ſomething new, which 
when in the firſt- returning is not very conſpicuous, 
yet in the ſecond it it doubled: - This returning in 
Lunar Eclipſes, which as they are moſt plain, is chiefly 
wahle and of dererminedin 223 Mower, (het . %%, 

| actly 
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aftly 18 Lunar Tears, ſo that to one Decennoval 0 


cle, the reſidue is one ſingle Solar; and it comes 10 
paſs frequently as the ſame, nor much different , after 


this time they run back and com 
yet from Ten Degrees of the - Zod 
—_ 


4. Whether the Eclipſes of the Luminaries ae ei. 
** "the Cauſes or Præſages of Tragical A 2 
And alſo whether they have any thing of. Aduantage ? 


The firſt, Aſtrologers teſtifie with great .aſh 

who præſage I know not what direfal thi things leni 
Eclipſes, and fill the minds of the 3 

Terror, which ill fortune they alſo! — 42 
think, but indeed ridiculouſiy, % the Appalaricn 
of the Head and Tail of the Dragon, about which E- 
clipſes happen: It this be true, ſince every YearEclip- 
ſes happen, we are at no time ſafe from great Evils: 
And altho' it cannot be denied but that the World is 
22 troubled with great Calamities; yet for 
what reaſon this perpetual miſery of the orld 
ſhould be joined with u Eclip les, thoſe Aſtro/ogers onl 
ſee; but withal, unleſs — are Injuries in 
which ſome pretend, as if he had only ordained E 
clipſes for the deſtruction of Mankind; which ne- 


et es Eclipſes. 
to the forner 


vertheleſs are, as it were, Ladders, which we aſ⸗ 
'cend into Heaven, and c late the works of the 


hand of God, to the Glory of his Name. 

But what and how much benefit Eclipſes afford 
to the knowledge of Heavenly and Elk things, 
the moſt excellent Mathematicians Mæſtlin Ar Kep- 
ler have taught in a large — which we will 
repeat as briefly as as A 

Therefore the Cauſes being known, the wonder- 
fulneſs of theſe Eclipſes may * found out. 


1. The Courſe of the Moon, whoſe true place, without Eclip- 
ſes is not obſervable, by reaſon of the P „ 
bg 0 
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2: The San iz both bigher and greater than the Moon, | 
3. Both theſe Lumi are Spharical, unequally diſtant from 
the Earth, and therefore each deſcribes an Eccentrick Orbit by 
4. The Earth is leſs than the Sun, and greatet than the Moon, 
fcituate in the middle of the Zodiack, tnaking together, with the 
water, one and Sphærical Body, ſome what uneven in- 
iced, becauſe of the Mountains, yet thoſe are incomparable to the 
whole oy Sago Earth. | ES 

$- The Sun is the Fountain of all Light in the World; but the 
Moon delights not in its own, but in the borrowed Light of the 
n; and is of it ſelf a dark Body, Opacous, Thick, Uneven, ful 

Gaps, like td our Earth; for which reaſon ſhe is called 
22 and other Ancient Philoſophers, The #therial Earth 
The fo of Splint, - 2 Le by as: 07 gy Meſt. 

in his Diſputations lanets Paſſions, Printed at 7ubin 
Re Ter Tb 8 F 


1. Both the Body of the Moon and the Earth is 


* 
F 
ö 
| 


lghtned: by the Sun, in whole oppoſite ſhew or Arch 
they caſt a Shadow. 158 

2. As in the Earth, beheld from on high, thete ap- 

pears Spots, by reaſon of the Terreſtrial places, Sea 
in and Mountainous Fields: So alſo 
the like Spots are beheld in the Moon. 

3. Since the Moon on one part is illuminated by 
the Sun, but the patt turned from it is dark, and in 
a certain Tpace of time the light of the Sun paſſes 
about the whole Moon : in it there will be, as al{o 
in the Earth, the Viciſſitude or Change of Dau and 
Night; but that of the Earth is in 24 Hours, and 
that of the Moon is in Davs-29 . bo 

4. As the Earth intercepts the Light of the Sun 
from the Moon, ſo the Moon intercepts the light 
of the Sun from the Earth. 

5. As the Terreſtrial Night is illuminated by the 
Moan, fo the Lunar Night by the Earth. 

6. Ar what time the Earth hath New Moon, in 
the ſame time the Moon hath Full Earth. 
7. In Squares, as on the —_ the Moon is 175 


Round and Opacous, wanting proper light; being en · 


4 
5 
£ 


, | | La} 1 
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by an Half Viſage, ſo in the Moon the Earth is only 
ſeen by an Half Viſage. AF 1: N 
8. As a thin Air encompaſſes the Earth, receiving 
the Image of the Sun by Refractions ; ſo the ſame 
happens in a thin Body about the Moon: But that 
we may return again to the advantage of Eclipſes; 


6. They are for the moſt part a ſingular help to the Enquiry 
of the Differences of Meridians, or the Longitude of Places : And 


therefore the — of re in diver places is Uſeful, 
1 in H dogra 9 a in . 
? " Lo — the Eclipſes of the San and Meta, © 
faund of Meaſuring the Diſtances of the Sun and Moon from the 
Earth, as alſo of the Magnitude and Proportion, that theſe three 
Bodies of the Sun, Moon, and Earth, have between themſelves, 
which otherwiſe may ſeem impoſſible. N 
Therefore by theſe Wings the Mind of Man flies 
ap into the Heavenly Theatre; and by theſe Charms 
(as the Poet faith) draws down the Sun and Moon 
on the Earth ; with which words the excellent 


Meſilin concludes this Diſcourſe of Eclipſes. 


1 — _ _ — — 


— — 
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THIRD PART 
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BOOK II. 
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Of the Diſtance and Magnitude of the Stars. 


The PREFACE. 


I 8 5 HE IWandring Stars ar Planets, altbo they 

KL are carried about b no real Spheres or Orbits, 
which the Ancients have introduced without nece(fi- 
, or ſufficzent reaſon, but flying about in the pure 


and 


kay, Sw *%, ww way *- trad + 


By. - 
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ce $hy, even as Birds in the Air; not indee4 
an xj war and ordained Mott: 
their Periodical Motions, they are 


\ 


on © Tet 22g 


ſometimes more remote from the Center of the Hor i, 


at other times more near; therefore ſo much Mibe- 
rial ſpace is ony attributed to them, as the Variety 

Motion, which every Planet requires , which ſpace 
it wont alſo to be called by the Ancient Aſtronomers, 


the Sphere or Orbit of a Planet. Do I 
u Therefore oftentimes indeed mention is made. 
of the Pr 


oportion and Dimenſion of the Heaven!) 
Orbs ; but by theſe we pr 1 1 f no other — 
than the N Leaſt, and Mean Dimenſions and 
Proportions of Diſtances, which the Planets obtain by 
running through their affegned Spaces. | 
Wa _ 2 - How Aſtronomers aſſume N her 
es of the Planets Motion,; ſo alſo they a- 
ſcribe 40 erent Diſtances and M 1 «tb Share, 
| ner wwe gather indeed, That theſe Mag ni- 
tudes and Diſtances of them are not ſo certain, nor 
yet alſo to be far from Truth ;, or elſe thoſe M po- 
theſes repreſent not the Heautnly Motions, which for 
the moſt rely on ſuch Diſtances , which:Motions 
notgrtbftanding exhibited by the Hypotheſes, agree 
exadtly enough with the Heavens, not only to the Eye 
of the Artificer,. but are 3  likefoiſe in ſonit 
meaſure by the Viilgar People. MONDE 1 
5. We in this place, notwithſtaziding the hie pre- 
mſed the Opinibns of the Ancients. ſhall follow the 
Rudolphin Tables, reſtored by Tycho Brahe, Ihe Phæ- 
mx of Aftronomers, and publiſhed by John Kepler; 
IWhich although he place the Sun in the Center of the 
World, and numbers the Diſtances of ihe Stars from 
; arid places the Earth ( which others believt 10 be 
the Center of the World ) in the place of the Sun? 
Nevertheleſs if any one like it net, he may caſily 
thange the Place of the _ and of the Eart') again ; 
d 2 tebich 
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ahich may be done without Detriment in any Caſe : © 


3 


lo the Concave of- 7656 
. 7 
To the Concave ef — 5 -$529 
Io the Concave of the Sphere of t 
is 


For as the Interval of the Journey it the ſame, whe- 
ther you ſet out from London to York, or from York 
10 London; ſo the Diſtance is the ſame, whether you 
number it from the Sun to the Earth, or from the 
Earth to the Sun. „ 


__—. 


EC H A T of . 
Of the Diſtance of the Stars, according to the 
4 Opinion of the Ancients. © \ 


LF HE Ancients who thought the Stars could 
not move of themſelves, without Orbs carry- 
ing them about, have feigned many Heavens, ſo that 
one reſts upon another, even as the Peels or Skins of 
Onions, the Inner one ſuſtaining. the Outer; and 
they appoint the Semidiameter of the Superior 
Sphzre ſo great, as to contain a known Quantity of 
the Interior Sphære. 1 

2. And they uſe inſtead of a Meaſuring Rod, the 
Semidiameter of the Terrene Globe, which 2 
ly is appointed of German Miles 868, or of Engliſh 
Miles (accounting one German Mile to contain four 
Engliſh ) 3472. 

2. Therefore fince Prolomy hath in times paſt ſet 
down the Diſtance of the Sphære cf the Sun, and of 
the Moon; Alpbraganus, Albategnius, and others, 
have accommodated other Sphæres to this: 

And they number Scmidiameters of the Earth, from the Center 
of the Eatth, to the Concave Sphere of ) 33® ; 33 
| Hence to the Concave of —— $— 30: 37 
Thence to the Concave of 8 —102 : 30 


To the Concave of S933 
To the Concave of 2100 


_ „„ 


Fixed Star — 3703 . 


ono ©, HH) tc. 


— Jo. wm 
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The Sum from the Center of the Earth to the 


Fired Stars 201 10. 


4 From this Ratio there are made of Semidiame- 
ters of the Earth. | 
SITE 4 : 107% 


. 9 2 
. —1 567 
J | From the Center | 2 —1120 
of the Earth to © — 1220 
Convexity of — | &—— ——— 2875 
h or the Fixt 20110 


This laſt Diſtance being Multiplied by 3440, the 
Engliſh Miles contained in the Semidiameter of the 
Earth, produces the Altitude of the World, from the 
Center of the Earth, to the Fixed Stars, to be 
69178400 Exgliſb Miles. 

This Space of the World, although it he very large, 
ſearce any one of the Aſtronomers hath leſſened it by 


ſolid Reaſons : But the Rudalphine Tables increaſe 
t very much, whoſe Opinion alſo we will hear. 


» 1 


CHAP. I. 


Of the Dimenſion of the Great or Solar Orb, 
according to the Rudolphine T ables. 


* X 7 Hich Orb, the Rudo/phine Tables, accordi 
to the Opinion of rt Copernicus = 
tributes to the Earth, and by reaſon of the excellent 
_— it performs, in the more eaſie diſpatching 
Fonomic Calcularions, they call it the great Orb: 
By us tis aſſigned the Orb of the Sun, from the di- 
verſe Poſition or Placing of which to the Earth, tis 
alſo known; which is counted to be Eccentrick trom 
the inequality as well of the Morion of the Sun, as 

of the Diſtance of ir from the Earth. 

e 2. An! 


» 


2 r " 
© - * < «i 
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And indeed, of ſuch as the Semi- 

diameter of the of Sh gms co een r00000 

* Of the ſame parts, the Fm En of 1800 


this Orb hath —— 
3. Whenice the greateſt t Diſtance of the 7018 

Son apd of the Farch is of the ſame parts 22 

The Leaſt Diſtance is ————— 98200 

The Mean Diftance therefore is —100009 

4. And becauſe this diviſion of the Setnidiameter ; 

of t the great Orb into roo000 is Arbitrary, 

and aſſumed for this end only, that the proportion 

of the greateſt and leaſt Diſtance of the Sun, and of 


| the Farch, _——_—— of the Eccentricity 


ty may 
de expreſſed Le any we would know the true 
Diſtance of the Sur and of the Earth, tis 21 
that this Arbitrary Meaſure ſhould be redn 
we commonly ſay.) td another Noted or 1 
ed Meaſure, which is, as afbrefaid, the Semidiameter 
yp the Earth, of Engliſꝶ Miles 3449, or of German 
os 

5- Of theſe Semidiameters then, the Author of 
the Nu dolphine Tables aſſumes, fir the greateſt Di- 
{fance of the Sun, and of the Earth -2469. 

From which he makes the Leaſt —— —3346. 

And the Mean, or the Semidiameter of 7 % 
the Great Orb c 3407 +: 


The Foundation from whence this Calculation ariſes, you may 


ſee in Copernicus his Epitome of Aſtronomy, Book & Pag. 474 aud 
the following, 


— 


C 
Of the  Dimenſi on of te Sphere of the Moon. 


J N the Dimenſion of the Sphzre of the Moon, 
almoſt all Aftronomers agree: For of ſuch parts 
25 rhe Semidiameter of the Orb of d is 100000. F 


— 


ET 


We 


e WS. WW _ we „ 
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aſſume the Eccentricity—4362. 
r the — is — 104262. | 
And the erf — _ * 


—— — 4 


— 56 . 


— 


CHAP. IV. 


Of the Dimenſin of the Spheres of, 
JV. 
And of the Fixed Stars. 


F the ſame Parts as the Semidiameter of the 
great Orb is 100000. Of ſuch parts the 
Diſtances arg diſcovered as follows. 


Of 5 
The Greateſt Diſtance is — 1005340. 
The Leaſt —— ——— 896860, 
The Menn —— — —— 951000. 


Of NY. 
The. Greateſt Diſtance is — 545074. 
The 12... —— 5 20000, 
hate gg — 532537. 
Fhe Greateſt Diſtance IS— 165465. 
The Leaſt —— —— 138235. 
The Mean ———— — 152350. 


Of 


ä 2 
The Greateſt Diſtance is —— 72914. 
The Leaſt . — 71912. 


„ vs 
The Greateſt Diſtance is —— 38806, 
The Leaſt . 36055. 


The Mean 37435. 


2. For in meaſuring the Intervals of theſe Planet: 
from the Center of the World, inſtead of a Mea- 
ſuting Rod, we uſe the Semidiameter of the Great 
Orb, the meaſure of which we have aſſigned in Se- 
midiameters of the Earth afore, according to the 
Opinion of John Kepler, ; 

If you draw theſe. into the Affigned Numbers of 
Diſtances, and dwvide the Product by 100900, it will 
produce the Planetary Diftances from the Center of 
the World, in Semidiameſ ers of the Earth, which if 
you multiply by 3440, you will bave the 2 in Eng- 
liſh Mules : But if by 860, you will them in 
German Miles: Which Calculation we leave to the 
curiaſity of Aſtronomers. | 

2, And from the aforeſaid, it appears, That the 
Diſtance of Saturn is ſomewhar leſs than Decuple 
ot the Earth from the Sun: Of 3 — ; 
Oi Mars Seſquiple : Of Vers Subſeſquitertia: Of 
Mercury about Subiriple. 

4. That which pertains to the Diſtances of the 
Pixel Stars; Kepler aſſumes the Semidiameter of 
the Sphzre of rhe Fixed Stars, to be to the Semi- 
diameter of the Sphære of Saturn, as this is to the 
Scmidiameter of the Body of the Sun. 


Aud be bath found by Mathematical Inflruments, 
at the Diameter of © 15—— » 30˙ 
hence the Semidiameter is 15 
1 2 Sine 1 which is 438.3093 
e Sine of its Complement is 999990. 480 
Which AA by 4 — 436 
Produces —— 


2 
 Semidiameters of the Sun, by which the Sun is di- 
ftant 
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EEA 


flant 
fow proc aid before, is a little greater than a 


* — 


ea Earth : Which Di ance, ſince it is the 
the great Orb; and this, as appears 


part of the Semidjameter of the Sphere of h 
It 1 , that the Sphere of Saturn hath in its Semi- 
diameter, almoſt Ten times more Semidiameters f 


the Sun, "that is about Two Thouſand. 


But if the Semidiameter of the Sphare of the 
Fixed: Stars, contains in it Two Thouſand alſo of the 
Semidiameters of the Sphære of h, it will make of 
the Semidiameter of the Solar Body, about 4000000. 

And of Semidiameters 2 60002000. 
For the Semidiameter of the Sun, contains Semi- 
diameter of the Earth 15. 


— 


3 v. 
= Of the- Cauſes of theſe Diftavces. 


"Hat the World is Sphzrical in its outer Sur- 
face, is owned by all Philoſphers ; and th 

give this Reaſon alſo among the reſt for the cauſe 
of it: That the World is according to the ſimili- 
tude of the Architect, that is, of God the Creator 
who is an Infinite Being, want and 
End : Therefore fince the — 5 Fo of this In- 
finity is in a Spherical Figure, in which, according 
to Nature alfo, there is — beginning nor end : 
Therefore that the World is Spharical is not to be 
doubted. 

2, Since it is ſo, and God hath diſpoſed all things 
in a ſure Proporti as the Wiſe Man witneſſes, 
when he fays, That be hath made all things in Num- 
ber, Weighs, * Meaſure. It was diſputed by the 
Ingenious Mathematician ohn Kepler, with the Ap. 


plauie 


— 


* * 


* 
* Y* 4 +,» 
N . = 


are _ by their Intervals, a 
ule | 


LU of tis Mite jb AR 1116 Ty 


er Interior Bodies of the World, viz. The Planets, 


. to the 
#traedron, the 'Dodecaedroji, the. Tcoſaedron, ind 
e Offaedron ; which, after the Sphzre, ate the 
jef, the moſt Noble, the moſt Simple of all Bo- 


dies; being Equilateral, and Equiangular, Tnffrip- 


fible, and Circumſcriptible of the ſo tha 


8 
they touch the Inſcribe 27 
nd the Circumſcribe1 by all their Angles 


Leaſt, the cauſe of it, the Inventor aſſigns thus, That 
| Orbs were not only fitted — Diſtances to, 

e Rule of the Five r ies, but alſo. to. 
the 'Harmonick Proportions of Motion, to. which 
even as to the Idea of Heavenly Mufick, they were 
made meet :- Hence it hath been 9 2 
Figurative Intervals, which are exhibited by Uni- 
form Figures, without Variation, ſome little is ta- 
ken away, and left to the Liberty of Harmonilſts, . 
to repreſent the Harmonies of Motion, | 

5. Theſe Harmonies of Motions of the Slower 
and Switter Planets being beheld from the C 


463 f4 5. 5 Tor Mejor. 


. Terre Minor. 


| 
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Harmoniack 


Planets Sloweft 
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FI} | ae 
- ; 

— 

2229 


5 on 

„ N 
i 5} x 1 Ma I_— 
73 7 72 EE 15. 16. Semitoniun. 
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2880 277.278 b. h. 
4 53384 9% | 5-12: Diapyor ca 
1312384: . | Tertia minore. 

© H AP. VI. 


Of the Magnitude and Proportion of 4 Plas 
nets, and Fixed Stars mutually. 


I. Of Planets. 
x. Y 0 the finding theſe Magnitudes and Proper- 


tions of the Stars, their Diſtances are re- 
quired, and 1. Apparent Ms nitudes of their Pia- 
meters : Therefore even as, 1 —— by reaſon of di- 
verſity of Hypotbefer, are aſſig ned divers ways by 
vera Men; ſo.alfo the Opinions concerning their 
Mt an Proportion, axe Various. 


2. The 


16 Of ASTRONOMY. Bockn. 
| 2. The Opinion of Alphragan, and other An- 


cients. | 
| „ Þ. 


It contains in its Diameter, Diameters of the 


Earth 4: And the Proportion of Diameters is as 
9. to 2, which being multiplied Cubically; produces 
the Proportion of the Bodies of h and rhe Earth, 
to be as 729 to 8: The greater Number being di- 
vided by the leſſer, makes 91 4, the whole thi: 55 
is greater than the Terrene Globe, and fo many times 
— Body of Saturn contains in it ſelf the T | 


2. . 


Contains Diameters of the Earth — 43. 


7 the Proportion Ag is aS—32 to 7. 
3 rem 2 RE e 3 to 343. 
And & is greater than the Terrene Globe 91 334. 


3. 8. 


Hath in its Diameter, Diameters of the Earth 1 3. 
And the Proportion of them is, as 7 to 6. 
But of their Bodies, as. 343 to. 216. 
Whence & is greater than the Earth — 1 3. 


4. O. 


Contains Diameters of the Earth —5 !. 
The Proportion of theſe is, as —— — 11 to 2. 
But of their Bodies, the Proportion is, as 1331 to 8. 
Therefore the Sun is greater than the Earth 156 4. 


5. L 


%. 


* 
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yo 5. | OO 


Venus Mebe 3 PR 
Eatth : iy tn he Ah, the $ tha Coh- 


" Dianerrs Of Jenn —— — 34 1 


1 —— io to 3. 
Bur of eir Bodies, — 0 27 
Therefore the Ertl greet than Vena 37 2. 


„„ TE CTaenns | 
The Broportion oportion of the Diamipreis, uf Aercary End 
of the - nei hog nu a 28 Forage 
So the Proportion of their Bodies 21952 to. 
— _r—=—ons 


OY * * ee 11 . 
a * 


4. * 


The Dianne of an comin Dimes of 


the Moon —— . 
The of which is, 48 ————7 to 2. 
| Bur of Meir Bodies . AS—— 4 co 8. 


- Fhitefore ttic Farth comains the Moon 424 times 
And the Moon is equal to One three and forti- 


eth part of the Earth, leſs by x part. 


@ and 5. 


The Proportion of their Diameters is as 187 to 
10; therefofe of their Bodies, as 6539203 to 1000 : 
Whence the Sun is grearer than the Noon 6539 
times. 


H. Of the Fixed Stars. 


3. The True Magnitudes of the Fixed Stars we 
cannot know accurately; becuuſe'alſo the Diſtances 
of theſe is not { certain, and the obſervation of the 


eppearance of Diameters unconſtant : Since becauſe 
every 


3: © Of ASTRONOMY. Bobbi 
every ones Eye is ſingular, and the Eſtimation i 

| different in 15 * Quantity : 42 alſo * 
by Oprick Tubes they appear leſſer by it, by how much 
& is better and greater. Ci Mor og CON 


4 But from the . on Of Al hragan, and orher 

Ancients, and from 1h DR F ibe Stars 20180, 

! += Stirs e the Firſt Magnitude. 
Contain Diameters of the Earth — — 4! 


Therefore the Proportion CO ts 
IS, AJ, * — — — 7 0s 0 2— — 9 | 4 


. 
Earth, — DOT MEX 107 22. 


Stars of the Second Magnitude: © 
| Comin Diameters of the Eartli 4 27 
The Proportion of Diameters is, as 260 to 60. 
Of Bodies, 45 ——— —— 19465199 to 216000, 
- The Exceſs of them above the Earth 90 334522. 


Stars of the Third Magnitude. 


Have Diameters of the Earth —- — 
The Proportion of them, as — —— 25 to 6. 
The Proportion of Bodies, as 15625 to 216. 
The Exceſs above the Earth ———— ——72 4. 


Stars of the Fourth Magnitude. 


Contain Diameters of the Earth 
I The Proportion of them is, as 19 to 5: 
+. The Proportion of Bodies, as — 6859 to 125. 
They exceed the Earth 4 179. 


Stars 


4 


— 
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a Start f the Fifth Magnitade N 
- had e en ———5 5d 


And the Proporti 
The Proportion of Bodies, as 1685159 to 46656. 
Toy Lanes of them above the & h — 36. 55547. 


. Stars of & Sixth Magnitude. | 
Have Diameters of the Fanh —— — — 24. 


The Fropo rtion of which is, 2s ——21t08. 
12 oportion of Bodies, as —— 9261 to 1 
Exceſs a bove che Earth ——— il 


And this is the Opinion of the Ancient concert. 
ing the Mutual Proportion of the Stars. 
*. x. ohn Kepler it ſeems agreedble to Nature, 


and jo Aftronomick Obſervations, that there 41 
be the ſame order of "Magnitude between the Pla- 
nets, which is alſo , Spheres: : So. that among the 
Planets, the greateſt is the Globe of Saturn; Jupiter 


his * lows ] apiter : Nor the Sun 
1188 porn to the Opinion of Coper- 


the Earth : And. leſs than this is Venus, did 
ine leaſt of all, cp. iſe loweſt. 
have fror wed. ns, pf ie of hs Ts 
have Proportion o d that by how 
Ab ene ove is from the Earth, ſo it is | 
9 Steater OT leſſer. 

. 7. In.this Ratio, or Proportion, Saturn in A 
neſs of of Body, will he ſom: what leſs than Ten Tias: 
reuter — the Earth jupiter more than Froe 
mes : But Mars Seſquipher or I +: And Venus 
2 leſſer_ than *, : Mercur Somewhat greater 
than a Third part of the ſame, and . 

8. And the * between the Semidianie- 
ter of the Earth, and the Interval or Space — 
t 


334 Of 4STRONOMT, 
Eafth from the Sun: A Me 6 EE 


tween the Bodies of the Earth and Sun he . 
1 in the Semidiameter of the 
Earth is con in the Interval of the Centers of 
the Sun and the Earth, ſo many times alſo the Body 
of the Earth is contained in the Body of the Sun. 
9. 1 e the greateſt ft Biterual or Di- 
ſtance o oy Log from the Earth, as aforeſaid, is 
made 0 e of the Earth 3469, ao * 
Third part : Therefore ſo many Times alſo the 
of the Sun exceeds the Body of the Earth: From 2 
Cube Root of which number it appears, that the Se- 
midiameter of the Sun contains in it ſelf, the Semi- 
diameter of the Earth, a little more than 15 Times: 
But the Semidiameter of the Earth is of Engliſh Miles 
51600, and the whole Diameter of the Sun 103200 
Mike, tobich appears to us but about the bigneſs 
| t, which may be divided into 12 Digits. 
Aud as the Proportion of the Bodies of the 
So and of the Earth, is to the Proportion of the In- 
terval of the Sun and the Earth; fo, acc to the 
fame Author, is the Proportion of the Interval of the 
Moon, and the Earth, to the Proportion of the Bodies 
of the n 
11. And fence that . is of Semidiameters of 
the Earth very near 59; ſo the ſame number of times 
be 5 the great Bod Fo the Earth comains in it ſelf 
& af and ſmall Body of the Mpon. 
= From whence 4110 it follows, that the Terre- 
ſerial Semidiameter contains the Lunar Semidiameter 
ſomewhart leſs than 4 Times; whence the Diameter 
of, che Moon is 1720 Engliſh Miles. | 
13. Andthe Proportion of the Diameter of the Solar 
Body, zo the Diameter of the Body of the Moon, is made in 
ſame manner as is the Proportion the Body of the 
Earth to the Body of the Moon, to wit gue 59 10 1: And fo 


the Body of the "Sun contains of Bodies of the Moon 
more © 
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ore than 200000, which is produted, if you ſay, The 
Body of the Earth 15 contains Lunar Bodies 97 How 
many times doth the Body of the Sun, that contdins 
the Earths 3469 times? Anfw. 204671: | 

14. As to the Fixed Stars, in aſſigning the mag- 
erode of them alſo, the Modern A ſtronomers dit- 
fer much; yet ſo, that thofe alſo which compute 
moſt ſparingly, are forced to confeſs, that well neat 
ill of them exceed the Body of the Earth many 


For that is moſt evident, by this Popular Argument, 
from the Stars being taten Diametrically Oppoſite; 
ſuch are groen in Heaven in ſome place or other, for 


Example, near the Eye of Taurus, and the Heart of 


Scorpio. F 
— the Earth ſhould be greatet than theſe 
Stars, it would be impoſſible, that one Ariſing, the 
other ſhould Set, and their Changing by turns, thoſe 
ing, theſe again Ariſing: For the Eye elevated 
from the Maghitude of the Earth, muſt needs leave 
| the other beneath the Horizon, which is yet wholly 
contradicted by Experience: Hence Hebo Brabe, 
ho to ſarishe the ſiniſter Opinion of the Vulgaf, 
hath, as much as he could, contracted rhe Stats; 
nevertheleſs the Stars of the Firſt Magnitude he af- 
ſerts to exceed the Earth 68 times, the Second 18 
tmes, the Third 11 times, the Fourth 3 + times, the 
Fifth 1 £3 times, the Sixth is + of the Earth. 
But others increaſe them to a huge greatneſs, be- 
cauſe they prove that they are a very great aiſiance 
from the 22 3 for as much as the Se midiameter of 
the Orb i, Inſenſeble to the Altitude of the Fixed 
Stars, and indeed is underſtood not to make on? Mi- 
nute in the Sphere of the Fixed ars. 


80 * of che Diſtance and Magnitude of the 
ats. 
Cs The 
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The CONCLUSION. 


1 of an Epilogue I ſhall annex what Afro. 

nomers are wont to anſwer to two ſorts of Men, 
which judge awkwardly ra ſuch Immenſe 
Diſtances and Magnitudes of the Superior Bodies 
produced by Aſtronomers: One of which, is of them 
which in another manner are reſpecters of Aſtronony, 
yea great Men among Aſtronomers by name: But 
they think the neatneſs of the moſt perfect Mundane 
IWork to be overthrown, if they attribute ſo Immenſe 
a greatneſs to the Sphere of the Fixed, and to the 
Stars themſelves, and ſo contemptible a ſmallneſs to 
the Inferior Bodies. 

To theſe may be objeQted the incredible ſwiftneſs 
of the Fixed Stars, which they are forced to confeſs 
who believe thoſe in the Orb to be moved, and to 
finiſh their Courſe in 24 Hours: For if we aſſume 
the Semidiameter of the Sphære of the Fixed Stars 
not greater, than according to A/phraganus to be 0 
Semidiameters of the Earth 2c110, (which never 
theleſs among moſt Aſtronomers is acknowledged to 
be greater, and that the Diameter of the Fixed Stars 
is 40220 Semidiameters of the Earth) there ariſes 
ſo great {wittneſs of this Sphære, that each Star x 
bout the Equator, in the ipace of an Hour paſles over 
18118152 Engliſh Miles; or 45 295 38 German Miles 

For the Diameter of the Fixed Stars is of German Miles 40220. 

Which requires a Circumference of the ſame Miles of 125405}. 

Which drawn into the Semidameter of the Terrene Globe 960 
G:rman Miles. 

Produces of the ſame Mile. 108708914 

This divided by Hours — — — 

Exhibits the Motion of one Hour, to be Mile 4329538. 

This divided by | —— — 

You will have the Motion of one Minute, of Miles ——7 549% 

If you divide the fame by- — — 4.00% 


You will have the Motion of 1 Pulſe of the artery, Miles 11 if 
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If any one abtior not this incompretienſible ſivift- 


neſs, why 1 ſhould he be diſmayed at that great 
Diſtance and Ma 


gnitude which ſome attribute to the 
Fixed Stars? They ſay that Nature admits not this 
Immenſe Proportion: Therefore he may ſay which 
objects this; can Nature admit of ſuch Celerity or 
Swiftneſs, the like Example of which is not found 
in the World? On the contrary, it may be anſwer- 
ed, we have iti the World, and here on Earth, an Ex- 
ample of that Unmeaſurable, or rather no Propor- 
tion: For what Proportion I pray is there between 
that ſmall Animal that makes ges under the 
Kin of the Hand, or a Mite in Cheele, and an Ele- 
phant, or that Serpent of P/iny's, 120 Feet long, 
which nevertheleſs greater have been ſeen in out 
Age? Likewiſe what Proportion is there between a 
Man, and I will not fay the Earth, but the Diame- 
ter only, or the Semidiameter of the Earth : This 
contains of Engl;h Miles —— — —— — 3440. 

Of Paces, each containing five Feet—363 2640. 

Of Fee... — — 1816320. 

Divide theſe by 6, for ſo much al- 
moſt is the Height or Stature of af 3027200 
Man, and it produces ———- 

That is, it will require ſo many Men to be joined 
together, or ſer one upon another, to reach ffom 
the Center of the Eatth to the Surtace thereof Ir 
this Proportion between that ſaid little Animal, and 
the Elephant : Berwcen the Stature of a Man, and 
the Semidiamerer of the Earth, which is as 1 to 
3027200, is notabfurd, which things, notwithſtand- 
ing, are only of the Terrene Globe: Why theretore 
thould the Proportion ſeem fo abſurd between the 
Diameter of the Sun and of the Fixed Stars, which 
is as I, to 4020000; OT as 15 to 60C0C009. 

For if to the Semidiametet of the Sun, we attribute Se- : P 


wid iameters of the Eattj moo 
Ec 2 Toe 


— 
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The Sphære of h) requires Semidiameters of the Earth 300 

And the ah, of the Fixed Stars — Ges, 
But if we make the Semidiameter of the Sun —_ 1. 
The Semidiameter of the Sphære of Þ will be 2000. 
And of the Fixed Stars — —— 40, 


That is from that Hypotheſes which we have aſſu- 
med before in Chap. 4. which although. the Altitude 
elſo be Stupendions, yet a leſs can . be given, 
if we admit the Parallax of the Aunuul Orb. 

The other ſbrt of Men, from theſe Proportions, 
judge it Injurious to the Common People, who by 
reaſon of theſe Diſagreeings and Differences, eſteem 
the Opinions of the Learned to be fooliſh and vain, 
and deride them: *Tis Lawful to ask of theſe, why 
they do not alfo renounce or deny the meaſures of 
Liquids, of Dry things, of Fields, of Diſtances, of 
Journeys; for here alſo is great Differences or Diſ- 
agreements ; neither can any one ſo accurately mea- 
lure any thing at any time, that it ſhall not want 
or exceed ar another time by many Drops, Grains, 
Digits, Feet or Paces z which Defects or Exceſſes 
to beware of, and to keep an equality in meaſuring 
things of all ſorts, is altogether impoſſible : But ſay 
they, theſe Exceſſes or Defects are ſmall, but yours 
very great? Anſw. I deny them to be greater; for 
compare the whole World, in what manner ſoever 
the Magnitude of it is ſurely found out, with the 
Terrene Globe; and you will find ſo much inequa- 
lity, that all the comparing and diſagreement of 
Proportion, is not ſo much as is an Hundred, or a 
Thoufand Drops compared with a Cart Load of 
Wine; concerning the DefeCQt of which, if any one 
ſhould contend before a Judge, and would accuſe 
the Seller of Fraud, he wou 1% accounted for an 


Id 


Impudent Man, or a Fool in Law ; Laſtly, there are 
{ome who are led by Religion, or rather Superſtition, 
rho call them Idle and Proud Men, who ſeek to =” 

uc 


6 anus: ae. oe. dit. . VVV... / -» acl... mod as os. af . iy + | 
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ſure the Stars, and find out their Diſtances and Mag- 


nitudes. : And with Pliny exclaim againſt them, Sax- 
ing, tir @ madneſs to trouble any ones mind to go u- 
bout ſuch an hardy Enterprize as the meaſuring of 
the World : But the madneſs is in them, who have 
the World for their God, which Pliny made it; 
whoſe Profundity is only Scrutinized by the Spirit 
of God : Bur he that with Chriſtians believes that 
the World is the Work of God, and as it were a 
Living Statue of him, by which he would ſhew to 
us his Wiſdom, Goodneſs, and Power; he will not 
diſallow theſe and fuch like Studies and Endeavors ; 
unleſs he would eſteem a Man that endeavors to 
know the Erection of God, beneath a Brute: Some 
Men creep on the Ground, but a Generous: and 
Godly Mind allo deſires to mount up to the Hea- 
vens, and there alſo, as Plato faith, not to creep a- 
long, but to admire the Wiſdom and Goodnets of 
God : For neither any one of the A/?ronomers ad- 
vances to it through Raſhneſs, that what Diſtances, 
Magnirudes and Proportions he tinds ot the Stars, 
he ihould glory that he hath>=them in the Minutes 
or Scruples of themſelves (altho' famerimes for ne- 
ceſſity in Calculation he works to the fimalleſt of 
them) but accepts all things in a larger manner, that 
he may underſtand the Works of God the Better, 
which hath made all things in Number, Weight, and 
Meaſure, whoſe Name be Rleſſed and Pruiled tos 
evermore. 


The End of Book It. Of Theoretical Doctrine. 
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6 77 Chronological Doctrine. 
The PREFACE. 


HE Stars, beſides many other uſes, 
are alſo def gnecl by God for this, 
that from thence we 1 Dwellers on Earth 

ſhould ſeek the Diſtinction and Numbring 

of Times, of Days, of Months, and of 

Tears. 

2. Whence the A ſtronomical Science 
onght not to be excluded from this Chrono- 
logical, or Docirine of Times; which others 
intermix with Spherical and Theoretical 
Docirine, but we are pleaſed to deliver it 
ſepar ately. and to ne it into Three 
Parts. 


3. Of theſe it PP Fs 

I. Of Aſtronomical Time, 
II. Of Political Time. 

III. OF Ecclefraſtical Time. 


OF 
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BOOK III. 


The Firſt Part. 
* Of A ftronomical Time. 


CHAP. -1 
Of the Definition and Diviſion of Chronology. 


I. C is a Doctrine delivering the Reaſon 
of diſtinguiſhing and computing ot Time. 

2. And it is either Aſtronomical or Hiſtorical. 

3. Aſtronomical, is that which conſiders time as 
the meaſure of Duration, ſought from the Heavenly 
Motions , and Explains the Variety of it. 

4. Hiſtorical, which accommodates this meaſure 
to things done in the World. 

Concerning this we ſhall adi a few things towards 
the end: The Aſtronomical we ſhall now briefly pur- 


ſue. 


8 


— — 


7 9 


— 


CHAP. TH. 
Of the Diverſity of Times. 


1. TIME then in this Place is the meaſure f Dua 
ration of any thing, taken ſrou the Heavenly 
Motions. 

(For the word Time is Ambiguous : Sometimes it ſignifies the 
Duration of Things abſolutely confidered ; ſometimes a Quration. 
determined. by a certain — : Laſtly, ſometimes the Meaſure 

| | 104 a 


392 Of ASTRONOMY. Book I., 
It ſelf of Duration, when tis ſought from any other Duration, 
but then eſpecially when from Heavenly Motions. ) 

2. Ard this Time 7s either Aſtronomical, or Po. 
litical, or Eccleſiaſtical. | | 

3. Aftronomical, is that which is conſtituted as ac- 
curately as may be to the Rule of Cæleſtial Motion. 

4. And *tis either True, which is computed to 
true Motions ; ar Mzaz, which is computed to mean 
or middle Motions. | 
That is Unequal; but this Equal, and chiefly re- 
garded; for the Meaſure is equal to it ſelf, and a- 
&rees conſtantly. i 


5- Both kinds, are Days, Months, and Tears. 


© EA 


S +: 
Of Days, and the Kinds and Parts of Days. 


iP HE loft Interval of Time Inſtituted by God 
 humpelf in the Firſt Creation of things, is a 
Day. 


2. Which is wont to be diſtinguiſbed into Natural 
and Artificial. | 
(Concerning both, ſo far as it agrees moſt cloſe] y with the Mo- 
tion of the San; and ſame foreknowledge of them, is neceſſaty 
ta the right underſtanding the Celeſtial Motions, although we 
have teuched upon ſome things before in Book I. Of Aſtronomy, 
Chap. 8. But we have reſerved the further Delivery concerning 
Natural and Artificial Days to this Third Book. | 

And although tis leſs fit for diſtinction to divide the Day into 
Natural ang Artificial, for Art hath Inſtituted neither, but both 
by Nature it ſelf; yea rather are they Inſtituted by God the Au- 
thor of Nu ure; yet becauſe tis entertained by the Ancients, we 
alio retain it, which fince tis agreed of concerning Things, we 
ouyht to de eaſie in Words. Fo IE : 
3. A Natural Day, is the Space of Time, continu- 
ing eitber by a continued or interrupted Revolution 
together of Solar Light, and of ſucceeding Dar&neſs. 
Oer. ſpeaking Aftronomically. 

Tis he Space of Time in which the whole Equater 


Circle, 
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Circle, together with the Additament 7 ar ge to the 
proper Motion of the Sun, ir turned back again, or 
1 its Revolution. 
1. The maker of the Day, yea the Day it ſelf is 
Light, or the Sun: For the Light God himſelf hath 
the Day, not plainly in what manner *tis 
Light, but in what manner tis preſent, and enligh- 
tens by _ * 18 2 of which * 1 
things in a perpetual Change, the Pe- 
fiod of which is Evening and Morning as the Scrip- 
ture ſays, or Light and Darkneſs; alſo God gave it 
the name of Day, which is this our Natural Day : 
The Law and Rule of which, ſince it is the Equator, 
or the Equinoctial Circle, therefore alſo from the 
Revolution of this, a Day may be defined, 

2. And becauſe the Sun the Fountain of Light, 
beſides its daily Revolution, proceeds alſo by its pro- 
per Motion under the Ecliptick flowly, there is ad- 
ded daily to diſpatch the Natural Day, ſuch a Por- 
tion of one Revolution of the Equator, as the Sun re- 
quires in its * — under the Ecliptick. 

3. And theſe Portians are called Additaments, or 
Overplus's to be added to the Equator, and are no 
other than the Aſcenſions of the Sun's Diurnal Mo- 
tion, or Portions of the Equator, competent ro the 
Diurnal Motion of the Sun. 

4. And ſince this Diural Motion of the Sun is un- 
_- theſe Additaments are alſo made unequal, 
which inequality alſo redounds in the Natural Days. 

5. Laſtly, becauſe we ought neceſſarily to aſſume 
ſome mean ar equal, between unequal, as the mea- 
lure of inequality : Hence theretore, 

4. Natural Days are twofold, | 

1. True and Unequal, which are alſo called Appa- 
rent, to which beſides the wholg Revalut ion of the E- 
guator, truc Additaments and Apparent in the Hea- 
veg, but waeque!, are to be added. 
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2. Mean or Equal, to which are added mean and 
equal Additaments, more than the whole Revolution 
of the Equator, being aſſumed by Aſtronomers for the 
Subject of teaching. it 434; 1 

1. Thoſe True Days are in daily uſe: and indeed 
are commonly thought equal, becauſe each one is 
divided into 24 equal Hours accotding to Sence, and 
the Hour 12 in Sun-Dials always agrees to the Me- 
ridian line or ſhadow ; nev the cauſe of 
which agreement is govern'd not by the Equality of 
the Day, but by the Diligence of a Pendulum Clock, 
and its Hour of 12, daily. prolonging or withdraw- 
ing, and directs it to the arrival of the Sun to the 
Meridian Line : Which, if truly a Clock or Watch 
be made, which for ſome certain Days wants not 
Human Direction, at laſt the difterence between the 
Meridian and the Hour of 12 will be diſcovered, 
and therefore the inequality of the true Natural 
Days, and of the Apparent in Heaven. 

2. And the Mean or Equal, are uſed by Aftrone- 
mers, Which they frame to the Tables of the Cale- 
{tial Motions, and they invent the ſame to this end, 
that they may meaſure that Inequality by theſe E- 
quals : Whence alſo the ſwift Morions taken out from 
the Tables, agree not with the Heaven, before Re- 
duction be made of equal time to unequal, or the 
contrary. 

3. And altho* the inequality of Pairs of Days next 
to one another be not obſervable; alſo one only of the 
ſhorteſt being compared to one of the longeſt, hath not 
very much difterence, yet ſome many Days in order 
in ſome one part of the Year, being joined to one 
another, being compared with the {ame number of 
Days in another part of the Year, a difference evi- 


dent enough appears to ariſe beyond thoſe, and 
makes them Shorter and Longer. 8 


4. And the Additaments which Aſtronomers. con- 
| ſtitute 


2 
0 


bart Oba 1 


Equal, are ſo much, as the Sun's mean Diurnal Moti- 


on is; to wir, 59 8“: 200%, from thence an equal 
Natural Day conſiſts of 360: 59 8“: 20“ of the 
Equator, for which nevertheleſs, for the moſt part 


we aſſume only 360". 
Indeed the beginning of a Natural Day ought 
—_ where to be taken from the Horizon wth 3 
ces, even as from the time of Light and of Darkneſs , 
but in an Oblique Sphere it pleaſes 2 b 
cutting off in the midſt, as it were, the Viciffitude F 
Light, and of Darkneſs, beginning it from the Me- 
2 Circle, as moſt conſtant, or from Noon or Mid- 
nig ht. | | 

1. In by ht Sphære the Ratio or Reaſon, is the 
fame of the Horizon and of the Meridian: And the 
Horizon of one place is the Meridian of another, and 
the Meridian the Horizon : From this cauſe, the Ra- 
tio is all one, whether we begin from the Meridian, 
or from the Horizon, for the Natural Day. ep 

2. But in an Oblique Sphære the Rafio is unlike, 
for the Horizon is ſo varied according to the varie- 
ty of the Oblique Sphære, that tis not only diffe- 
rent, but alſo it acquires another Obliquity at the 
Equator. 

2. Moreover the Sun in ſome places of the Earth, 
marly Days, neither Riſes above the Horizon, nor 
Deſcends beneath it; as among thoſe who inhabit 
under the Poles in a Parallel Sphære. 

Therefore we cannot take in it always one begin- 
ning of the Natural Day, but inſtead of it we muit 
chooſe a Meridian, which indeed is alſo various, ac- 
cording to the yariety of places, but is in ir ſelf a 


right Horizon of places every where. 


Nor yet alſo is the Horizon in an Oblique Sphzre altogether ſo 
to be rejected, that when neceſſity requires to begin the Natural 
Pay in it, that it cannot be done 1g no manner : For, 6. 7 

4 
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6. The ft of a Natural Day are the Artificial 
Night and Day. | . 

The beginning and end of theſe muſt neceſſarily 
be taken from the Horizon. 

7. For the Night ir the ſpace of time, in which the 
Sun lies hid beneath our Horizon. . 

8. But the Artificial Day ir the ſpace of time, in 
which the Sun tarries above our Horizon. 

The reaſon of this Appellation ſome aſſign to be 
this, that theſe Artificial Days are accommodated to 
Exerciſe. 8 

9. Moreover as the Natural, fo alſo the Artificial 
D s and Nights are very unequal in an Oblique 

ere. | 
The inequality of Natural Days, as well in a Right 
as an Oblique Sphære, proceeds from the ual, 
of the Sun's Motion, and the Obliquity of the Eclip- 
tick : But theſe in an Oblique Sphzredepends on the 
greater or leſſer Obliquity of the Horizon and the 
Equator ; concerning which Note what follows. 


I. In a Right Sphere there is a perpetual Equi- 


Aux. See Fig. 178, 


That is, the Days to the Days, and Nights to the 
Nights, and all the Days are equal to the Nights. 


II. In an Oblique S 17 80 there are only two Equi- 
noxes, to wit, in which the Days next to the Nights, 


end the contrary. are equal. 


This comes to paſs from the Sun's being in o x, 
and © 2, to wit, in the Spring time about the Tenth 
or Eleventh of March, and in the Autumn about the 
Thirteenth or Fourteenth of Seprember. 


III. In the North part of our Oblique Sphere, the 
Days increaſe from the Vernal or Spring Equinox, and 
are made longer than their adjoining Nights, even 
to the Summer Solſtice, | 0 
5 ee 
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a! See Fig. 179. That is, In which © enters into. s, 
about the Eleventh or Twelfth of Zune, and makes | 
me longeſt Day and the ſhorteſt Night. 
IV. From the Sumner Solſtice the Days decreaſe 
of again in « Retrograde Order, and the Nights increaſe, 
yet ſo that they are ſhorter than the Days, even to the 
N Autumnal Equinox. oh | 
, V. From this Autumnal Equinox, the Nights in- 
) creaſe, and become longer than the Days, even to the 
Winter Solſtice. | 
; That is, in which the Sun entring o w about the 
| Eleventh or Twelfth of December, makes the longeſt 
Night, and the ſhorteſt Day. 1 
VI. From the Winter Solſtice the Nights decreaſe 
again in a Retrograde Order, and the Days increafe, 
yet ſo, that they are ſhorter than the Nights even to 
the returning of the Vernal Equinox. 
VII. Then from the Sun's being in places of the 
Ecliptick, equally remote from the ſame Solſtitial 
Pornt, the Days are equal tothe Days, and the Nights 
to the Nights. - 
VIII. And from the Sur's being in places of the 
Ecliptick, equally remote from the ſame Equinottial 
| Point, or alſo in oppoſite laces, the Day 6. the one 
is equal to the Night of the other. 
And by how much greater the Obliquity of the 
Sphzre is, or the Elevation of the Pole, by ſo much 
the greater alſo are the increaſe of the longeſt and 
ſhorteſt Day and Night; yea, and of all the rcſt, 
as * increaſing as decreaſing, obſerving a due Pro- 
porn : See Fig. 180. f 
IX. In the South part of our Oblique Sphere, all 
theſe things are in the ſame Proportion between 1Dem- 
Jelves, but in à contrary manner, and in efppoſue 
Kent, 1 
or 


it makes the Day, and being beneath the fame it 
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For they have the longeſt Day and the ſhorteſt 
Night, the Sun being in o w; on the contrary, the 
longeſt Night and the ſhorteſt Day; the Sun being 
in the beginning of s: Hence, when with us the 
Days increaſe, by the Sun's aſcending from o vs to 
us, there they decreaſe, by the Sun's departure: And 
when with us they decreaſe, by the Sun's departing 
from us, from o : There they increaſe by the Sun 
approaching to them. * | 
N The Cauſe of all theſe it: 
1. The Section in divers manners of the Horizon, 


and of the Circles of the Sun, or of the Parallels of 


the Equator. 5 | $5, 
For in a Right Sphære, the Equator, and all its 

Parallels are cut by the Horizon into two equal ow. 

and as always the Semicircle of the Ecliptick Ari 


with the Sun in the Eaſt, and Sets in the Weſt; ſo al 


ſo the Semicirele of the Equator, as well as the Pa- 


rallels of it, aſcend and deſcend with the ſame. 


Therefore ſince the Sun abiding above the Horizon, 


makes the Night, tis manifeſt from hence that the 


Days and Nights in a Right Sphare, are equal, as 


Ant inan Oln Sphære it lis 

ut in an ue it Happens contrary: 

For from the Pole, being elevated above the Horizon, 

the Ecliptic and the Equator are never cut into two 
ual parts, unleſs when the Sun is in the Sections 

of the | and of the Ecliptic, and therefore be- 

ing converſant in the Equinoctial points o V and , 


it cuts both the Ecliptick and the Equator into two 


equal parts, and with the Semicitcle of the kſptic, 
the Semicircle alſo of the Equator aſcends and de- 
ſcends: If the Sun be converſant in all the other pla- 
ces of the Ecliprick, the Parallels of the Sun are un- 
equally cut by the Horizon; ſo that the Sun running 
thio' the Northern Signs, with us the greater part of 

| | every 
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cal Ductrine. 
Patallel is above the Horizon, and the leſſer be- 
ach ; the contrary of which happens if the Sun be 
x thrd' Southetn Signs: From which the inequa- 


E, of Nights and Days, in an Oblique Sphære, ap- ; 


ears lainly. Fig. 179. 1 4 | 
2 — af Cauſe is, the inequality of Aſcenſions 
rr 

For altho' half of the Ecliptick Riſes and Sets 
every Day and Night; yet not alſo half of the Equa- 
tor. aſcends or deſcends together: But in Northern 
Signs more than half aſcends and leſs deſcends : In 
Southern, leſs than half aſcends, and more than half 
deſcends: Therefore fince the Portions of the Equa- 
tor aſcending and deſcending together, meaſure the 
_ and Night, again the cauſe of inequality is ma- 

. nn ? 171 5 

II. In a purullel Sphere the whole Tear is divided 
into one Artificial Day, and one Night \ yet the Day, 
in a Northern Parallel, exceeding the Night in Mag- 
nitude, the contrary of which, ir made in the Southern 
part. Fig. 18. „ 

I. The cauſe of this is, becauſe in this Poſition 
of the Sphzre; half of the Ecliptick being abways 
elevated above tlie Horizon, all the Parallels of ti 
Equator which arrive with it, it ſhews above the 
ſame : Therefore how long the Sun is converſant in 
this half, ſo long is the Day, without any Night in- 
tervening : On the contrary, the other halt of the 
Ecliptick, with the Parallels of the Equator, always 
lie hid beneath the Horizon, and makes no Day, but 
continual Night; which delay in both, extends it 
ſelf ro half a Year, or fix Months. 

2. Hence therefore from the Analogy of our Arti- 
fictal Days it may be ſaid, that by only one Annual 
Revolution of the Sun, only one Natural Day is male ; 
the Artificial Days of which compleat half a Tear, and 
the Nights in like manner half a Tear. FN 
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And becauſe the Annual Orbit of the Sun is Ec: 
centric; the Apogeon of which continues in the Nor: 
thern half of the Ecliptick, in which the Sun is mo. 
ved flower than in the half on the South part, and 


therefore abides longer in the Northern half; than in 
the Southern : Whence in the Northern part the 
Day is made a little longer than the Night; on the 
contrary, in a Parallel Sphzre, in the Southern part, 
the Night is longer than the Day. | 

XI. And the length of an Artificial Day or Night 
may be known in an Oblique Sphere, by the Dimenſion 
of the Diurnal or Nocturnal Atch. 

XII. And 4 Diurnal Arch it an Arch of the Hos 
tor, from the Riſing of the Sun to the Setting of the 
ſame, or the ſpringing forth of Day. 

Like to this, is the Parallels of the Natural Day, in which the 
Sun is converſant, ſhewing the Segment above the Horizon. . 

XIII. A Nocturnal Arch is ax Arch of the Equa- 
tor, which from the Setting of the Sun, even to its 
Ring, or in the Night, deſcends beneath the Horizon. 

Equal to this, is that which from the Setting of the Sun even to 
its Rifing, aſcends over againſt it; likewiſe the inferior Segment 
N A A aa and of the Nig be 

8 8 

Wund from theſe — ſhall be ſhewn in the Pr * ; 


— 


CHAP. IV. 
O Howrs and Minutes. 


1. HE Days, as well Natural as Artificial, arc 
NN — alſo into Hours and Minutes, or 
Scruples of Hours. - 
1. This diſtinction was not uſed by the moſt An- 
cient, who generally fignified whatſoever time, 
either by the Four Sea ſons of the Year, Spring, Sum- 
mer, Autumn, and Winter : And the Day they di- 


vided into Four Vigils, the firſt of which was from 
our 
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zuple, und. 


part I. Ch, V. Of Chronobogled Done. 40 

For dis worthy of the moſt precious Treafure of 
time, that we ſhould have che Ratio or Proportion 
of all, yea, of the moſt Minute Particles of it; nej- 
ther ſhould we ſuffer any time to ſlip or paſs =_ 
without ſome Fruit, or to ſpend it vainly; for all 
things are other Mens, Time only is ours, as Seneca 
fich z which indeed neither can fuffice for noteſſy 
things, altho' it ſhould be pteferved moſt diligently. 

And we muſt note, that the Mertliod of converting 
of Degrees and Scruples of the Equator into Hours 
into Degrees and Scruples of the Equator, may be 


1. The. turning of . Degrees and Scruples of the 
7. » » 


Equator into Hours and Minute 
Aſſume for C For one Degree 


any of A fiſt Scruple 


Multiply as well the Degrees as the adhering Scru. 
ples by 4, and it produces from Horary Degrees firſt 
Minutes, from Scruples of the Equator Horary ſecond 
Minutes, &c. which afterwards, if they intreaſe be. 
ond 60, they maſt be reduced by Sexagenary Divi- 
ſion to the forater Species. 1 

Degrees of the tot 317 and Scruples 43" 
How many Hours m—_— d they conſtitute ? 
Auſwer, multiplying by 4 comes forth 124 
and 172 Horary Minutes, is, 2*:6': 12 

2. turning Hours and Minutes into Degrees 


and Scruples of the Equator. 

For one Hour] 15”. | 

nts firſt Minute jp + * the Tquator 
For one fecond ** 15. C . 


Multiply as well the Hours as the Scruph 1 
and it 3 frem ihe Hours, R 7 
| Ds 2 1 
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. Scruples 

— produced W * 
c. to be reducrd 10 the reed 
87 I be __ * 


Raa or ſecond Minutes 
Ho, many Scruples of the Equa- | 
ton do: thby make? * — the Multiplicati- 


4 
3 Rank, { 


is.preduced 309: 90“: 7800, that is 31*: 430: 
yy 4 pb the Equarer-: BS 
eter AE A 8 
Ff V. 
07 1 Tears, and in N. of the 


Solar. 
1. XN Aſtronomical Nor in WA eneral, 1s the Revo 
lution of any Star, _ by its pro- 
Per, _ mean. or equal mat ion. 
Hence then they ar 
Of Julian Years. 
great Syderal Lear 25411. 


4, Bur m particular, an A Hronomical Tear i is ei- 
tber Solar or Lunar. © 


For Although the Revolution of any Star meaſure 
time and may conſtitute a Year, yer theſe two Lu- 
minaries are thoſe before the others; and according 
to the 4-2; ie of thetn the Annual times are deter- 


2 A Sol: ar Year, is that pace of i time in which the 
7 75 * gude one 1 of Haan, returns 10 


>”. 0. 1 


dak cn V: F cbronaiagle Doctrine. 30 f 
| 4. Audi it twofold. e 7 0 nc: 

T Sydereal, and UA, 75 no rn 
2. Tropicl, or turning abous 

5. A Sydertal Solar Year, 7s N e 

"be the Sun departing rom the 1 * of Aries, er 
turns again to the A 21 no 

For altho? an fixed Star may be appointed for 
the beginning ear, -yet--always we . 
choice of ſome Iulbious or bright Star: So the 
Keyptians began their Lear from the E 0 Ihe 


Star, which hapned in the Summer the. Gre- 
—4 ao the rifing of the 7 Stars F 
Star of. V near to the Eq Equinox :. g becauſe the 
length of a: Sydereal Year is of more ſubcil. obleryae 
tion, hence it comes to paſs: that 3 {pot 


agree in Minutes. "7 1 . 42.2 

ud Ye 2 „ 

By Copernic this Year 365 : 39 1 
n, = 


6. The 295 Solar Year, is thi ſhoe 0 of Yilt 
in which the Sun under ih Echpiick departs from 
be 72 of The Vernal Equinox,” Fond returns Kein 
to the fame. 4 
In which the cn of the Rabens or the 
motion of the e is unequal; they alſo have 
this unequal Vear, one while greater, another while 
leſſer; betweem which 10 — "I equal is:. 
According to Hebo 265 : 5 : 48 : 45, 7 
The — Fo 15 this Year, which may be taken 
in every place, Aſtronomers place in o V or the 
_ Equinox, ih which. moſt notable point a alſo 
they begin and end the Zodiack. 4 
7. And this "Wear is diſtinguifhed” into 4- parts, 
which are, S ing, Summer, Autumn and inten- 
ere d diſtinguiſhed into two only, +12. 
Summer and Winter; but better ite 4 parts, which 
ue called the 4 Quarcers of ths Year, or the- _ 
3 ons 
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ſons of the Year, in which is made the moſt evident 
mutation of the Air. a 


8. The Spring, with ws 7s the firſt port the 
Tear, from be Vernul Equinox A's 3 
ice. N 5 
In this time the Sun aſcends to us thro v, N and 
n, whence theſe Signs are called Vernal. 
9. The Summer, ic the ſecond part of the Tear, 
from the Summer Solftice to the Autumnal Equinox. 
. r time the IT ow 3 * 
S, A, mM, thro whi it eparts 
anf defends towards the South. | » 
of the Tear, fron 


10. Autumn, is the third part 
the Autumnal Equinox, even to the Winter Solſtice. 
Sun deſcends further thro* the; 


* 


Nee e 
utu 1gns =, mh, 2, until it 

the furtheſt from us into the Solſtice. 

11. Winter 7s the fourth and lift part of the Tear, 
from the Winter Solftice to the Vernal Equinox. 

In this time the Sun paſſes rhro* the 3 Winter 

Signs vw, =, &, thro which it aſcends again from 
the South, and returns to us again. 

W l han: — — — hen 3 
Of the Lunar Tear and Aftronomical Months. 
1. A N Aſtronomical Lunar Year, is that which it 

- L.A. taken from the motion of the Moon. 
2. Ard "tis ttrafalll. | | 
M 1. Simple, perſevering by one revolution of the 
— ue 


n. 

A. Compounded of many Revolntions of tix 
3. A Simple Lunar Year, otherwiſe called by 3 
Name more in uſe, from Months, and tis twotold, 


4. A 


I>83 A* 


A Aw 


A %* 
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I If 


part I. Ch. VE Of c beit Doming, 4 


67 
* Fo. A Periodical Month, 17 that in which the 
the Ecli Pet's is Ns. about * onẽ to th 


Same point. TI 


1 
| This is PEW: in 27 3 5 
5. A8 odical Month, Px.) n 
ab from the Sun, and baving compleated all the 
diver fires of of ber 3 Am 3 10 a 


This Month coilfiſts e 29 
* A this is und 
motion of the Moon; whence 5 
_ are made; but the true Months are yay 
of the Period ical, by reaſon of the ineq 
7 ty of 12 Moons Does of the 2 . 
reaſon of the inequality both of the Stars and 
dun and Non. 

For in the dummer, the Sun being in Apogeon; 
marching ſlowly. the Months grow — uſe 
the Moon being ſwift, ſoon overtakes the Sun, den 
the lower: In the Winter, the Sun being Hon, the 
Perigæon, mar ſwiftly, the Months are longer, 
becauſe the Moon is flow, and overtakes che Sun, 
being more ſwift, but flowly. 
oreover, ſince the Noon is ſlow in her Apogeon, 
fwift in Periggon, therefore flower there than here, 
all other Circumſtances being the ſame, it finiſhes the 
reſidue which remains to it, to complear the period, 
by its motion to the Sun, 

Therefore the cauſes being com ed into one, 
when the Sun is in Apogeor, the n in Perigeon, 
the Synodical Month hath Days 29 13 6, Mi- 
nutes 42; but when the Sun is in Perigeon, the 
Moon in Apogeon, the Month is almoſt 30 intire 
days, for they want only Hours 4, and Minntes 23; 
becauſe of this inequality Aſtronomers negle& the 


12 344 
the mean or 
mean or eq 


true Months, and are content with mean, being 


equal. 


D414 2. Alſo 
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1 wy ten 
be 0405 
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2 755 at ſig. that 


renewing, Tome times pro- 
| 49 7 W. ß N i 


for the cauſes d ry of the Moon. 
3 
Hy {0'ca 0 pr courſe of the Moon, 

An are conſtituted Salat 

W -which are the. ſpace 

time, in YEW One Sign of the 

Zink "Or 2 . dF it; which, fince tis 

made by an u 1 7 een they ate alſo 


cual; bur if it 17 les che 55 


e 55 FN 


245 = Oy. 10 : 29 
85 A Com er Lunar Year, 10 1 18 ace of 
time.” in which the Mohn, after ſome. Aſſenblin ings gr 
Conjuiilions with "the Sun, comes 10 i agarn, 454 is 
united with it not far from the former Place. 
7. And this Tear” 25 „ Io is twofold, 1. Common, which 
compri iſes 12 Spin Changer, "and 2-"the i $49 
Lear, which hath 1585 wüica Cha ef. 8 
För becauſe the 18 after 12 tomplear Changes, 
garh, not overtake . the. Sun, but after 13 LING 
Les g the ume, r ae the ue $ that 
te. wanting, Are Telerved. until they nſtifure 40 
Melk, dr in the. "Yeegnd or 508 lar” which 
y intermingfe, that the Conj uiitions of © and 
Nog e the Year Verk. to 13 


4 * 
* 


We botli 35 eu, 2 
8 5 Men, which Je Rufe Hike vet 2 
CIA 2 5 2. True, 


$ 
od 9 4 Arodonieal, than that ſome begin then 


fate Qn. VE Of Chrondbogint Doctrine. 40 
FE due ee tramaby mean, . 
WII „ 

9. The Nlean Ede Common." 
b r "Hours. r 
+ 106/354, 3.8 : 8 in: 18. 
LE MG? i: P Tear. 

; . 1 21 32 * . 


der Tl Gd « — Time. 


21 * is 76 Ts 6 OY 


17 


12 
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he O OK II. 
of RT or Civil Time. © 
= ar. 


„ 0 Foliriat or Civil Das. 

on 

8 or Cuil Time, #5 that which any Peo- 
fl ple or Nation, from rude and popular Obſer- 

ri of Celeſtial Motions, conſtitute to themſelves | 


fer the uſe of tbr Citizens. 
Theretore the Rule and Meaſure of this is Aſtro- 


nomical Time; to which, by how much the nearer 
the Politick approaches, it is accounted the more 


hot 
2. Ihe Parts of this, like as alſo of Aftronomick, 


— — 
Durs, Vears, Months. 
Polirick Days, differ not otherwiſe from true 


in 


410 AE RONOMT.: .:Bode lt] 
in another plate, and diftributt th into ſome and 
other Hours, 22 otherwiſe. he 
For that we may ſpeak only of ſome. + + 
I. The Hebrews. by Divine Authority, begin the 
day from the ſerting of the Sun; conſiderihg the 
order of the Creation of the Werld, for from the 
World, being juſt begun upon the Face of the A. 
byſs, or that great heap of Water, made in the firſt 
day, which was as it were, the matter of the future 
Edifice, they wetfe as yet in „ "to which 
Light ſucceeded, even as the form. of all things; 
and ſo there was made from the Evening and the 


Morning the faſt day, as the Sdfipture ſpeaks Ge- 
nefes, 1. 

2. Theſe are imitated. by . jent Atheniant, 
— at this = hy 4 - _ Marcomant, 
ant, &c. the 0 e Jounding the 
Hours from Sun ſetring; l B wk of the Gin 
day they alſo make the beginning of the other. 

3. The Chaldeens or Babylonians, and at this time 
the Norinbergs, begin the day from Sun riſing. 

4. The Imbrians, the trans, the Arabianr, 
they place the beginning o the Civil day in the 
Meridian or Noon time, which alſo Aſtronomers 
do; but the Romens in the Midnight. ICY 7 
F. We at chis day follow both, and gy 6 
Civil day either from Midnight or from Noon; 
for from both places the number of 12 Hours is 
turned about to its beginning. 
4. And as the 3 others, hath ano- 
ther beginning, ſo they diſtribute the ſame alſo di- 
Vers ways into Hour. | 
F. For altho tie almoſt where received, 
that 24 Hours conflitute 2 Natural Day, yet ſome 
make them equal, others unequal. 

Underſtand equal in r of one Natural day; 


for if we conſider divers ys, ſince they wy 


/ 
/ 


der be changed ame fp from the A Nis 
ear — ura * 

mick. ; 7 po . 1 ) SOV 

„2. An the ict ant, all ae 1 
lar, which are 3 atar the notion of 85 
Sue, ſame Lunar, tobich are > Tg ebiefy, er 
cording to the courſe of the Moore." 

3. Of the Solar there are —_— 
which will be fuffititat for un 1 
Ife Juan, The Gregorian, . The 
4. The Julian Lear ic, that which us: Jules 
Cab entber- conſtituted, or uſed; inthe W 
Pire, being ordained by a W 1 
N. 3. Mo A nd i no 

J. — of Days 365. 300 2 

2. The Leap Tear 2 or ge. OY 
anne every fourth Year, „ 
The cauſe of- this 1 11 his. 
1. Julie ar would not neglect the Hours i io 
ie Aﬀtronomick Solar Lear, ot * the: Yearly Hours, 


2 Kinds, three o 
mg 


$9 I's 


adhæring to the Chcuit of the. Sun, but thought to 
intermix them inis: Civil — \ he-yould 
have to be Solar, that it might y agree with 


the Heaven. 
2. But when he confidered ;that, the Sun finiſhed 


its Courſe in Days 365, and Hours 6, therefore he 


er that even as the Aſtr ck, ſo alſo 
Civil Year ſhould have ſo many Days and Hours. 
A2. But becauſe theſe 6 4 ** lng "bſerved eve- 
Tv Year, was not fit, for Civil uſ (i fince” tis con- 


venient that the Years and the I 055 be conyeyed 


on and the, ſame beginning; theſe 6 Hours, 
every. Year at. the beginning of the Year he with- 


drew) therefore rhe 2 former Years he intirely neg- 
Jed them, 7 8 made every one of theſe Years 


mmonly of: 265: 
25 Nu I an e 8 theſe 6 Hours 
2 * taken, afid therefore an 


whole 


1 TN OWD. Bach in 


„ / Aa. w@c te tc dt | wood 
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888 


* 


e 2 i men ar 


about 11 1 or 4 
te more: ein _—_ ＋ {ome 
incooven it came to Ingreſs 
of the Sy arlt Scruple of Aries, or the 
Em of the uinox, which Ceſar would 

e affixr'ro a Nene y of the Month of March, 


remained not there, but A Year anticipated, or 
took up before that time Amel 115 of as Flour, 
wich from the time of Julius Ceſar, to the Year 
1653, being collected You, increaſed beyond 14 
nid which the Equinox crept forward to- 


9 of the Year. 
— ence 1s ariſen 


ehe Gregorian Tear, which Gregory che XIII. 
Pope of Rome, about the Year of the Chiriftian Epo- 
cha 1380, Inſtituted them. 

This: Pope to corrett the Errot of Julius Cæſar, 
ond being willing to reduce the Equinox to the day 
which was de erted, 2 to take care 75 this * 
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wurd from the former days, con ded or Wy * 

notice of 10 days in the Tones Ter, c 
A em to be oyer-paſt, or hot accounted tn jan 


2. And that they ſhould not again be removed 
from their Sears, which may happen by reaſon of 
too much Intercalation, and affugring the Year long- 
er than uns: commanded that in the following 
Years of the Chriſtian Epocha 1500, 1800, '1900, 
&o. which "otherwiſe ought to be Intercaled, that 
the Interealatioti ſhould be omitted, . 

And this is the reaſon that thoſe which uſe the 
Postifck Gregorien Kalendet, atways anteceed us 
10 Days; which Anticipation,” by reaſon of the 
neglect of Intercalation in the Year of the Chriſtian 


Epocha 17, being this t in which! 
am Writing this Bock in Eng7/h, 1 alte rt days, 
days, in the Year 1900 13 


and in the Year' F860 12 da 
days, if the World ſe long remain. |. 
- 7: The Egyptian Year, i the ſpace of time, al- 
EY contaimng” 365 Natural Days. "RO" 
Me call this the Solar Tear, not becauſe it depends 


on the Suns Motion, but that it approaches nigb to 
the Solar Tear, neglecling only 5 Hurt 4d 49 M. 


nutes, which adhere to the Circuit of the Sun; Afires 
nomically conſidered. OSD e 
But becauſe theſe Hours and theſe Minutes every 
fourth Tear conſtitute almoſt an;wholg den, it temps 10 
paſs, that from the neglect of them the beginning of 
every fourth Tear is Anticipated 2 one Day x and 
2 in 14 6 7 Nears 48 wo ar ts you 
pay : e, from the 1 of January 10 the 31 
Peter, frm ti 10 he 30.) the es a 4 
this the Julian and the Egyptian Nar in 1460 Tears 
> ag 10 at laſt; and iben the Egyptians awmber 
ar 1 1. f F.., os. CY pv cs 
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Of the Civil Lunar Tears. 


1. ns Politick Years, are alſo either Si 
Ly the! ; coats of one Revolurion 855 


Or Compoun nd. which conſiſts of more. 


2. Simple Lunar on (*hich as we hete alſo admoniſhed he- 
fore, are called more ee ently and more uſeſully Months) are by 


9, wall in imitation of a Synodical 
on of the Moon) in 

n 5 — 0) 1 ſhe being de- 

ee, with the Sun, re. 

turns aguin to _ or middle Matte in in 
Days 29, - Hours 12, Aud leſt the I2 
Hors that re annex'd Fon! "aſe trouble, for 
them in the other Month alſo an whole Day is "afſu- 
ned; whereby it comes to paſs, that what is with- 
drawn from one Monb, advances again to the other 


ond _— (ſome ity of: —_ is af 
— equally i alſo is twofold, 

wid: and Bound. 
eb that which i eo vr IEP 
being made in ſome From many changes of the 


r 
1 * 4 
I. Common, of which is of 29 D 
ba kaif of. 20, 1 n — 
for dende into 6, makes 174, and 30 drawn into . 
beivg added, ave equal to 354 Days, or a cm- 
— — 


2. Leq Tea, in which one Day isadded over ani above 
the 12 ges; Seen 
The Turks the Diſcipline of the Arabians, uſe ſach 
272 2 and of 42772 e e . e 
n e one change "Moon contains 
22 29 e and my alſo 44 — which con- 
2 Day: int he ſhce of 2 arr: That therefere the 
Ratio « Lie 754 frnd frm wewarh, 1 11 
have bern Interral sed 2 in 30 Tears ; has 


ron, leo i ſhould be made rogerber, ee, 


£26 -* Of AbBRNoOwe' gr mw b 


it into the 30 Te; ſe bet vg Durs are 
7 Days 354, 26 e Ago 1 "La: 2 * 13, 
* 21 205 2 1755 


Ba tis evident; that-ons Peru ! op: — 
of 10631 4. which make * Changes, every 


of which | 
25 1. -H: ve nn g Fe 


12 


which agrees e 1 ee Do, 6x, 
fore the beginning E Wrong 
ant, and runs out, y S — = har, from 
inter to Autumn, hence to Summer's. an, in the 
Thirtieth Tear it. paſſes again into the Spring time: 
And 30 of our Tees ardemwong the Turks ver near 


31. 8 

6. A Politicł 3 Tear Bund is that which 
ſo obſerves the courfe of the Mon, chat ſome: of 
the Years being elaàpſed in the Period; they make 
the Luzar 1 n agree exatt- 


1 . 
n by by many v it brings forth 


This 


Various Octes, in ih they he re mmeludle it. 


1. Of Exght Lars. fy Ce Cleoftrat ws, 'Tes ds, 1 
Palum, Eudoxius, which fince it harh* i found vi: 
tious in ſucceſs of time, there hath ſiicceeded. 


2. The We Too's of Mogan, in which ifs Foe hath been 
found vitious, there is received. 


2. The Period of Calippus of 
fram which divers forms of Solar and Lunar Years 
have fprung up among divers People, the Reaſons 


of which many Men, (among whom: Fojeph- Scai7+ 
by wa is chief) 4 Dach with hom 5 bu 


ręa ſon of the A of 1155 fame, "Ind the for- 


bred the — gol = 

red che tings PEVert 

Kr ee the Turbo OLE ES CRIT ir 
2 


Six Vw. 


rare L.Ch. ni Chrondlohltat Dofrine. 4 


I. is not ey whats me Tears the Fa- 
thers uſed before and after the Flood, alſo the He- 
brews before and after. the Babylonick Captivity z 
concerning which there are divers Opinions of divers 
Men: Indeed the Jews at this time uſe the Bund 
Lunar Jear, at exatt as * be; tobich form t 
booft to haue received. from Moſes himſelf, but they 
eye decerved ,, for that form after the Deftruftion 4 
the Second Temple, at laſt was introduced, as hat 
len N cha by many ;, but the om of Tears of 
the Ancient Hebrews /yes hid in the dark: There- 
fore be that ſhall lubour earneftly in reducing thoſe 
Lars to our ſuliag Form, will undertake much La- 
bour,, with little or ratber no Benefit. . 
| Therefore "tis ſufficient for us at all advent 
to know the beginning of the Tears which * 
by the Ancients, a# well Jews az Gentiles, 

many Months and Days they included in their Tear , 
for from bence, if not — yet we may inſtitute 
ſuch comparings with"our Tears, which wil! not be 
far from Truth: We will ſhew hereafter the meaſure 
in lears of the Hebrew Bibles, to the Studious in 


0. 


gs CHAP. IV. 

9.9 Of Palitict Months. 

M have their Name from Meaſuring, 

VI if we believe Cicero, becauſe they meaſure 

the length of the Year, and divide it into parts. 
2. Therefore the Reaſon and Denomination of Politich Months 

b divers, according to the diverſity of Nations, and of people 

5 Our Julian Tear is divided into 12 Months, and they are ig 


* 880 
Days] Su Days | Sam 
| Jamar) | 31. 31. 212. 
| February | 28. 31.243. 
| March | gn. | 30. | 273- 
42 F- Jl. | 3% 
1. 30. | 334 
| Je | 30. | 38 | 3s. 


Ars Of A&T'RONOMT.  Bodk-th. 
Note, 1. In the Biſſextile or Leap Year, Tebrugy 
one Day mate, to wit, 29; whence in ſuch 2 
Kod e Uni ſelf. non ona ge of the reſt, | is 
iner ot one 
r Months in a 
. Order; but in hat manner they were 
numbred among the Romans, appears from the fol. 
lowing Verſes. © 
Prima dies Menfis cujuſque eſi dicta Calendæ, 
Sex Nona. Mains, October, Julius & Mars. 
Quatuor at religui, dabit Idus quilibet oth, 
 Inde dies reliquos omnes dic eſſe Calendas. 
Quas retro numerans, dices & Menſe ſequente. 


3. Likewiſe the number of days of our Mont 
are "included i in the following Verſes. 


i s have September, 

April, 2 and Novembet. | 
Anl1 al wy Mm have | HOP and One, 
Excepting 
Whic 1 12 Tara and E ight, 
But in Leap Tear one more by Fate. 

pellation of 


4. But what is the reaſon of the A 
Nozes, of les, and of Ca/ends, may © ſought of 
Grammarians, with which Deriyations we will not 
load this Chronology. 
5- The beginning öf the firſt Mon and © = 
whole Year, happens almoſt in the middle of N 
ter, becauſe of the Winter Solſtice, 
int of the Zodiack, (in "cue. of which 
* to have placed the of the Year) an 
o the New yn which Cæſor would not n 
ft, but tis Ike) in Old Time, when yr 
ted the Year from h the hegi eat 
was net far from the Calends o Wes "Which 
nevertheleſs anticipates the Solſtice at this. time, 


becauſe the Year is longer than juſt, by. ſome. * 1* 


e 
C 
f 
0 
1 
j 
J. 
h 
t 
J 


Wen 


r 


f 
X 


TSF ma TRA OGS t ©» 


1 doe. 4x4 Pharmuthi. DES 


In the end g the ep. 
7 5 day: pr 70 5 0 intercaled or 


e make the Ther 
cel, been the 


nd altha. Thot 
7 Font ihe Year, yet the ee 15 an 


Tears one not unleſs ter 1460 Tears, 
Period is called the great Cynic. Ear) 1 15 
the Priſtine. Seat; and tir called Cynic, becguſe the 
beginning of the Far returns ta the riſing of the e Lit- 
tle Dog, a Celeflial Star, rom tobence it . de. 


* 5 
„ The Looſe Lunar Tear the Turks, © bath 
12 Months) 15 which they Ae 30 Wan e 
one after another. 
3 Wy r 


Mabarram 30. Guùmadi I. 30. Ranjadhan 30. 
Sephar. 25. Giumadi II. * chewal 29. 
Rabje I. Regeb = hahbde 5 
Kane II. x 


In the e of latercalation this laſt Mi mb 


ty 

beſo lave heap the ante of the! Mebirag 
2 30. Schebach 30. Swan i $96 
Marcheſwan 29- Adar 

— 30. Niſam or ¹ 3 3 
29. Lian or Tip Fs Elf", 5. 
Theſe 12 Months contain 3y Duy « but alem they 
uſe the noe, they add o nb _ io days, 


and the 


ning of their 
Nis indi- 
tuted 


ders thro £ "whole Tear, going backwards 
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7 Moſes z uh Eglitick From the Month Tiſti, 
from i Clog | 15 Patriarch, of which that 
happens in the d ime, thus in Autumn; and 
— 1 as "tis bout both the Kqzinoxes , 


and the New Moch 
for the Firſt Moon. 5 
7. The Months of the Ancient Arberianr and Ma- 
cedonians have been. 5 
Te Attics begin their Tear from the Summer Sol. 
ice, or from the New Moon next 0 it. 


* 


De Macedonian Months in the beginning were 


Lunar, computed to the motion of the Moon, of altern 
Duys"36'an1 29; but after the Maced6nians came 
to be in the Power ,of the Romans, and received the 
Julian Kalendar, they indeed retained the Names of 
their Months : But ar to the beginning and number 
of Days, they accommodated the ſame intirely to the 
ultan Form; and Audinzus is made January, which 
rhe bf Follow in their Order. © 


* 


— — 


CHAP. v. 

Of divers Epochas. 
I. Of the Julian Period. - _ 
1FIME is deduced from ſome certain and re- 
markable beginning, which the Latins call 
Radix, others Ara, (a Word of an unknown or un- 

certain Derivarion. | | 
2. Since there are of theſe which are, uſed in divers 
For ins of Years, and they begin from divers times of the Year 
tis moſt uſeful, that if we would have the ſure beginning of each, 
before all the known, we muſt have ſome Univerſal Epocha, by 
its Years containing all others in it ſelf, and ſo cited from a great 
while fince, and continued to many Ages; and having a known 
Form of Year, and running ſrqm a ſuce and. ſtabil beginning of a 
3. Since no ſuch can be, (to wit, which alſo of 
it ſelf includes the beginnig of the World) it is * 
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ful to deviſe one, which the Ingenious Foſeph Scaliger 
hath done, by-introlucing tlie Juan Periad. : 

4. It proceeds not from ſome real aeg af the © t is Proleptich 
and A Tunpt ive, ng (ef the begi Creation of — 
World ; before whi — ww we imagine Years of this 
kind to have been; "that alſo we anale in them, to the 
world it ſelf ſome ſure beginning. 

5. And it conſiſts of Julian Tears. 


rare, beginning from 
the Calends of Fanuary, and ſo is mo noted, and 
moſt fit to deſign . beginning, of other Epochas. 

6. Tis compoſed from 3 Orlet, (which ſRall:be 
explained — bf), of the Sun 28 Years, of the 
Moon 19, of Indiffio)r 15. Years, fr * in them. 
ſelves, and ſo contains 7980 Y 

7. And it flows from that-imagined-or feign 
time, in which thoſe 3 Cyc/es of Years. begin ge 
ther; whence it appears, that this Cyc/e, as it bega 
before the Creation of the World, .{o it will. not 2 
compleated before the end of the World: 


„ „% - 22 _— - 


* * * 5 - * 
8 8 
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CHAP. vi. 


Of other Epochas, in what Tear and Dos they be- 
gin of the Julian Period. 


— 


From the beginning of the Julian Period 5. are 


Years of Julian 
Period. Days. 
1. To the Fall of our firſt — 1 _ 
Adam. — — — 749. 3 . 
2. To the Fudaic Ara, which they} | | | 
think falſely to be the Epocha ""J... 99% 279. 


To the beginning of de Uel. WT 
3. To t nning o n . +, 
verſal _ >. EP IgG 
4. To the Ara of the Babylonians. 2480, o. 
5. To the Lear of the calling of 1 

Abraham, and of the Divine \ 2751. o. 


Promiſe — — — WMV S NH 
"Ee 3 6. To 


23.7 To the Second — 1. of 24. 


Jeruſalem. — 
87 To the Year of Chriitian Epo- 
cha 1700 compieat. —— aq 


Note, 


Of WET. RON. Bodk Ut, 


OE Julian 1 
6. To the ; the going forth oc Ifra- F $202. 
5 7. 7 8 the 4 3681. | 
Temple. umn; nens 
8. To the firſt atympiad of Iphicus. | 3937. 
To the Bu ilding of Rome by Cato. 3561, 
o- To the begioning of the T4 
of Nabonaſar, of which the 3965* 
Egyptian — 2 wack * * 
For wy of  wandri 
Is | S Deſt: action o | . 
, ruſalem, aud the Babylonic 47084 
| Ca ptivity. | 
12. To the beginning of c. 47324. 
13. To the loofing e Kehle FS 1 
rec f the Pele- "PT 
ot inn 0 e . 
79 ac — _ 
Is. To the Second Year of the 
baſe, Bora Dis, and the ( | 
Edit of renewing the Iſrae- ( 4273 
[7 A 
- Fo the taking Babylon t 88 
as inde the Great. — 1. f. 
17. To the Years of the Greel ES? 
. — 444. 
18. To the beginning of the in |} 
Years, conftiented by Julius [+ 9669. 
Cæſar. — 25.051 — bl 
19+ To the true day 1 4706. 
20, To Gs Epocha of the Chriſtians. 4713 
21. Tothers Year of HberiusC ſar, 
2 the beginning of — 4740. 
| n ©: g 
22. To the Paſſion of Chriſt. _—— | 4746. 


ö 4783˙ 
"wn 


358. 


232. 
113. 
243. 


1 'O; 


. From each of rheie Epocho's. if you aka away 
74 | Years and 361 Days, you 1 will have the diſtance 


of 
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or 


of he ame from the begſnning of the W 


The Paſſion of Cri rift bappeied in the Tear of the 
julian Period — 4746: 


In the compleat Day 113. 
How ma 2 — Tow and Days did that come to 
paſs ena inning of the 1311 ? Anſwer, Take 

away Tears 749, Days 301; un there is 11 et 
Fi 


2996, Days 177, for the diftence 0 Chr: 
from the Creation of the World. 4 


2. If you defire to know the diſtance of two E- 
pocha's, take away or Subtract the leſſer from the 
greater, the reſiduè ſhews what you ſeek? 

The preſent Te of te hi Period 7 

efent Tear of the n Period 7s 6413. 

How 2: is it diſtant from the true Birth Day of 

Cbriſt? Anſwer, Take away from the given 
Tears 6412, Days 366. 
The Tears of — Nativity 70%, 358. 
There is left Td ag oo. 


"PART III. 


of BO O K III. 
C oncerning Eccleſia ftical Time. 


FL 


tes, Bi 


CHAP. I 
Of the Definition and Diſtinition of Eccleſiaſtical 
ime. 


EA ical Time, is that which is obſerved in 
urch, or by the Congregation of the 
Ee 4 People 


| Of AST RONO MT, Boehm 
2 of God, for che publick Exerciſe of Divine 


CC. | 

The Reaſon of the Invention and Diſpoſition 
theſe 152 was called by the Ancients, The Sn 
ſtical Accompr. | | 

2 And Eccleſiaſtical Time may be diſtinguiſhed 
into Jadaic or Fewiſb, uſed among the Fewos of old 
time; and into Chriſtian, uſed at this very day a- 
mong Chriſtians. | 

For ihe whoie Race of Mankind, in Holy Scripture 
is droided into Jews and Gentiles; The Jews from 
= WP; 7 0 riarchs } 88 prom 
acob, or of the Off-ſpring 0 el; in Old Time 
they were % Connie ion and Eleft 2 of Gol: 
But after that they ſtubbornly rejected Chriſt, the 
Saviour of Mankind, oy themſelves alſo were re- 
jetted by God; and in their place or ſtead the Gen- 
tiles were received, who embraced the Doftrine 
Chrift, -which are now called Chriſtians from C oo G 

2. And Ecclehiaſtical Times, as well 7ewiſh as Ml; 

Chriſtian, are Feaſts inſtituted in both Churches; 
in which, daily Buſineſs being omitted, Divine 
Worthip was publickly Exerciſed. 


— 


CHAP. x1 
Of the Weekly Feaſts of the Jews. 


t 
| 
1. PHE Feaſts of the 7ews, ſome were Weekly, II 
others Monthly, ſome Annual or Yearly, - 
- thers Annales. nec =_ 
| 
| 
| 
( 
| 
| 


The Weekly, every Week. 

The Monthly, every Month. 5 

The A»nual; had recourſe to each Year. 

The Annales, dured the whole Year. 

2. The Weekly, or Septimane, is the compaſs of 
7 Days, inſtituted by God himſelf in the firſt Crea- 

f JJ 


pitt III. Ch. II. Of Chronological Doctrine. 425 
ton of the World; with the diverſity of Days of 
F and of Working Days. 3 1 
3. Working Days, were the fix former, in which 
it was lawtul to do Houſhold Affairs and publick 
zuſineſs; but the Feaſt was every Seventh Day, in 
which they forbore doing any Houſhold Affairs and 
ablick Bufinefs, and were employed in the Wor- 
Fin of God and Holy things. A1 
4. Therefore che Weekly Feaſts of the Hebrews 
was every Seventh Day of the Neck, according to 
the number of the Days of the Mundane Creation, 
n remembrance as. well of its Creation finiſhed in 
the Sixth Day, as'of Divine Quiet 'or Reſt taken in 
the Seventh day; Inſtituted 5 himſelf publickly 
in the Exerciſe of Divine Obſervance, Geneſis 2. 
Lrodus 20. ht 


1. Hence this Weekly Feaſt was called of the Hebrews Sab- 
kth, that is Reft, becauſe in it God reſted from the Work of 
Creation, and commanded: alſo that Men ſhould reſt from theic 


Domeſtick and Publick Buſineſs, that they might be free for Di - 
me Worlhip. '.. © - 


2. From this Sabbath alſo the other Days of the Week were 
Named, to wit, the firſt or next to the Sabbath was called the 
firſt of the Sabbath: the rett, the Second, Third, Fourth, Fifth 
ad Sixth of the Sabbath. | 

3. From the Hebrews, this Divine Inſtitution of 
the Week alſo ſpread among the Gentiles, differing 
from the true Church of God, and polluted by the 
Vanity of Aſtrologers, for the firſt Hour of the firſt 
Day of the Week they attribute to the Sun, as Go- 
rernor and Ruler; the other remaining, they attri- 
bute to the ſubſequent Planets, of which they are 
continued in order thro the 24 Hours of the Natu- 
nl Day; the Lordſhip or Rule of the Moon falls in 


I the firſt Hour of the Second ras £ the Lordſhip 


of Mars in the firſt of the Third Day, and. ſo on: 
And hence it came to paſs, that the Days of the Week 
here denominated from the 7 Planets, even as they: 

| arc 
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many at this day, altho* the Government of 


woah Abominated as a fooliſh thing, tp ind Call, 
not only hy Chriſtians, but alſo by Ski 1 
en rather 


ogers; from this reaſon 

chooſe to call the wy ar the Week with the 7 
the Firſt day of the Week, N the 
Sc. han the day of G, 5, &, * ed de 


or n dect , W edneſday 


CHAP. Ul. 


Of the Feaſts of the Jews, of the Monthly, of ile 
4 Annual, and of the A k adn, of 


HE Monthly Feaſts of the ſews, to wit, thoſe 
pf 2 which n to every Month, did fall 


in with the firſt day of each NA bn which God 
noakerided a pecalier Sacrifion tb-by oflerett to him- 
ſelf by the 7ews. Numb. 28. Verſe 11. 3 
The S ring were called Neomenia, or 7 ew 
Moons, by the Latins and Greeks W '; Wor : OF 
med from New Moon, — ome — by the 
brews are not denominated from the Moon; but they 
Simply uſe the Word Kodeſch, which fignifies any In- 


AOL 10N. 


>> Ser A s. 8 28 x» 


— . — 


2. The Amual Feaſts, were 
Nation of the Iſraelizes ought 


City, er b the Teen hs to wit, 

1. The Paſſover, or the Feaſt of Eaſter. 2. De 
Feaft of Pentecoſt, or Whirſuntide z end 3. The Feet MY. 
of Tabernacles. 


3. The PaſÞver, befell on the 14 and 15 of the Month Niſari 
Pentecoſt was the Fiftieth day after the Pafſover, and always fell 
on the 6 day of the Nonth Siwan: Ide Feaſt of Tabernacles began 
with the 15 day of Tiſri. 


1. To theſs Solemn Feaſts did adhere other Holy 
Days, partly going before, partly. following after; 


to which the whole 
* l 


con- 


K 


other Ceremomies obſerved in theſę days, you may 
Commentaries of Di- 


* 


conſult Holy Writ, with the Com | 
—_ 5.67: © F e SY; 
the Jews ing content with theſe Feaſts inſti 

Thy Dar other Feats and Faſting — 
x The days of Phrim, or of Lots, in which Haman ſought à fit 
an for the extinguiſhing of the. Fews, being Celebrated the 14 
d 1 5 of the Month Adar. Eſtber, Chap. 9. 185 

2. The Feaſt of Karge together of Wood, Celebrated in 
JK ich Zoſephus mentions Book 2. Chap. 17. of 
the en 4 3 ks 

3. The _ of Renovation of the Temple, inſti- 
mted by Juda to the Maccabrees, on the 25 day of 
the Month Caſſeu. 1 Mac hab. Chap. 4. 

4. The Feaft of Satisfaction of the Ark of the 1/- 
raclites, inſtituted by Simon A ſnon, on the 23 day 
of the Month Har. I Maccab. 13. 

And of the Solemnitics of Faſting, Zacharias ſpeaks Chap. 7. 
nd 8. which were. | * 

1. The Faſt of the Beſieging of Feruſalem by Ne- 
lachadne a gar, Celebrated the 10 day of Thebet. 
* 2. The Faſt of occupying the City, Celebrated 
e. de 9 of Toamus. W e 
5. The Faſt of the Deſolate City, on the 9 of 
A0. 5 
ole 
oly 


a of  W E259  V ww eq ® £- 


© 4 The Faſt of the Murder of Gedaliah, on the 3 day of Nit; 
in which, under the Babylonick Captivity, came the S2lempity of 
Heſters Faſtin 


75 2 g, which was on the 13 of the Month Adar. EIb. 
p. 4. Ce. N 

5. Ihe Anna! Feaſts of the Jews were every Sa- 
venth Tear, a Sabbathic; and 7 times 7, tat is, 
every Forty Ninth Tear a Fubilee. l 

* _—_ L. ter 25. 1 11 and 31. 
were is Treated of the Solemnities, Priviledges, and. 
A Immunities of theſe Les. 28 


Some number them in the Gui/ Years, which ne- 
oly eleſs are either unknown or uncertain what kind 


* 
ter of Year the Hebrews uſed before and after Moſes; 
which 
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which ignorance or uncertainty makes theſe Years 
alſo ambiguous; therefore ſome fly here for help to 
the Myſtical Years, which they deduce from the 
Week of Days of the Creation, as a Radix in Arith- 
metical and Geometrical Progreſſion, in this manner: 
As God from 7 Days made the Week of Days, ſo 
they from 7 ſuch Weeks, or 49 Days make the 
Month, and from 7 Months or 343 Days the Myſti- 
cal Year; of which every Seventh is Sabbathick, and 
every Nine and Fortieth is to them a Jubilee. 


—— 


CHAP. IV. 
Of che Feaſts of Chriſtians. 


I 5 * E Feaſts of Chriſtians are twofold, Weekly 
and Annverſary. | | 

= Thoſe have recourſe to every Week, theſe to every 
ar. | 

2. The Weekly Feaſts, are the firſt day of ever) 

Week, which is called the Lords Day, for that tis 

as it were a day Conſecrated to our Lord God. 
This Ceftom iſſues from Divine Inſtitution, in which 

one Day of every Week was deſigned to Divine Wor- 

ip; And as among the Jews the Seventh Day of the 

Week was 4 Feaſt, and Holy; ſo among the Chriſtians, 

from the Authority of the A one of Chriſt, the Firſt 


Day of the Week was elected; and ſo theSabbath was 
2 from the Seventh Day of the Week into the 
Firſt. - 


2. Anmoerſary Feaſts, ſome are Immovable, which 
always retain the ſame day of the Month in the 
Juliun Year, altho they happen on different Days 
of the Week; and others Movable, which happen 
in other Years, on other Days of Julian Months, 


. altho? they retain conſtantly the day of the Wes.” 


N '' 1* I & O& % % Fg) % © UWn9 
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The , 1pmovable Feafis among us are, And are 


16. Of St. Galla. 


Chriſts Reſurrection; on which d 


Cælebrated. | 1117 
1. The Feaſt of Chriſts Circumciſion. January 1. 
2. Epiphany, or Twelfth Dy). January 6. 
2. The Converſion of Paul. Fanuary2s. 
4 The Purihcation of Mary.  Februaryn. , 
5. Of Matthias the Apoſtle.  Februaryzs. 
6. Of the Annunciation of Mary. March 25. 
7. Of St. George. _ 23. 
8. Of Philip amet, Apoſtles. Tp © 
9. Of John Bap ũ . June 24. 


10. Of the Apoſtles Peter and 
11. Of Janes the Apdſtle. 
12. Of St. Lawrence. 
13. Of Bartbolomem the Apoſtle. 
14. Of Mathew the Apoſtle. 

15, Of Michaet the Archangel. 

17. Of Luke the Evangeliſt. Oftober 18. 


18. Of Simon and Fate the Apoſtles. Ofober 28. 
19. Of St. Martin. Novemb.11. 


20. Of Andrew the Apoſtle. Novenb. 30. 
21. Of St. Luke. © Decemb. 13. 
22. Of Thomas the Apoſtle. Decemb. 21. 
23. The Nativity of Chri Decemb.25. 
24. Of 2 the firſt A Decemb. 26. 
25. Of John the Evangeliſt. Decemb. 27. 
26. Of t Children. Decemb. 28. 


5. The Movable Feaſts are: 
1. The Paſſover of Chriſtians, or the Feaſt of 


epends. 
2. The Feaſt of Aſcenſion, the 40 day after the 


Paſſover. 


3. The Feaſt of Pentecoſt, the 50 day after the 
4 The . 


Paſſover. 


4 The Feaſt of the Holy Trinity, the 8 day after 
his Cibiis ing of Pentecoſt. * a 
F. The differences of all the Lords Days after 
Trinity, defigned by their Numbers 1, 2, Cc. 
(And fot the finding theſe Feaſts, there are devi. 
ſed ſome Cycles of Years or Feriods; concerning 
which alſo we ſhall now Treat.) ä 


—_— 


— 


C HAP. V. 
of the Cycles of Julian Tears. 


1 in this place is the Periodical Collection 
X of many Fulian Years, deviſed for this end, 
that Ecclefiaſtical Times and others from à certain 
time, returning in the Orb, may more exactly be 
--2. Of theſe Cycles, the 4 Principal are, 

I. The Oele of the Sun. z. The Cycle of Indiction. 
"2 The Gl. of the Moon. 7 T5 Pando 2 — 
Be Bc, oy of the Sun, is a Revolution of 28 
Years, in which the Letters of the Day of the San, 
or of the Lords Day, retutis by mutation in the 


4. The Dominical Letter, is one of the 7. Letters 
of the Alphabet A BC E. FG, ſhewing y Year 
the firſt day of the Week, or the day of the Sun, or 
the Lords Day. 5 . 
For "tis wont to note which you will of the 
Week Days of the whole Leu, with the ſeyen firſt 
Letters of the Alphabet; ſo that the firſt day. of the 
Year hath the Letter 4, the Second B, the, Tir 
C 7 ſo on, even to 8, which reſumes the Lei- 
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©: hs Ode of ow Morn, 4 is the: Revolution of 

19 Tears, in which the Ancients thought the Ganger 
the Moon, the Indexes of the Paſchal Feaſt, did re> 
7 to their fir 1 begi — cn and mas called the rie 
˖ ; Saga: number; either from its uſe, 

2 like manner dear as Gold, which in Q Time they 
| ſhewing New Moons 5 Or becauſe i it was 
expoſed to the view of all Men in Golden Lenvers, 


Therefore becauſe the Ancients did affix the Feaſt of the Paſſo- 
to the Full Moon, which followed the Verna! Equinox, alſo 
. Paſſover in the Full Moon of 
the Vernal 5 =p ha Suffered and roſe again ; from this 


learn the New and Full M and couſeq 
the Paſſover: Bat hi expeAaton wa ae 


] 
i 
k 
2 
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el, for the Changes of the Moon did not return 
ety to the ſame beginhing in in 19 Yeats, bus is 

8 20 Obſervations to anticipate ſomewhat z 

whi from the time of aſſuming of this Cy- 

de; increaſed into ſore days, and 5 f the Cteleſtial 

Changes were of one day, but the Changes accord- 

ing to the Cycle, or of the Eccleſiaſticte, were of 

other; for alkho? the Cycle A the Moon ar this 
time doch not any more defign the Changes, yet from 
the Ancient · Inſtitution, we who retain the Julians 

Calendar, take out ihe Fealt of the Paffover or of 

Cages from i no otherwiſe than as if it did ſhew 

of the Moon exactly: And this actord- 
ing to the 9 which the Fathersof the Nicent 

Cuncil Afſembled, by the command of (æſar Con. 

Wierd 

not agree With the Heaven, yet 

I appointed ir in this Senſe. 

21 27 Match Sf mY 


ſite Ear * 
6 * pode 2 the Full oe of 2; of dar 2 0 
l 5 eee . ofthe 


by 
"— the 1 the the Full 
1 11 © 14 by ee. ov 
6 to wit, leaſt is ſhould agice with the Paſſreer of the Jews. 
0 cle 


js of te Mo Terms grid the. Epact alſobelong . to 
7 The Paſthal Terms are the number of days 5 
ig by the Golden Number and the 


< and 254 with the aſcri 
er, the Fourteenth por aftical change of the Moc 
ud the following Lords Day the Feaſt of. 22 
Theſe Terms conſiſt between the 21 of March and 
tte 18 of April = OR in which the Full ws x 
wever nether goes nor follows the Paſchal 
wt; eve ac ff the Ar —_— 
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In this little Table, which begins in the Year of the Chriſtian 
Epocha 1644, you have in the fi ſt place the Series of numbers of 
the Cycle of the Sun: Then you have ſubſcribed the Dominical Let- 
ter of that Year. Laſtly, the days of the Week, or the Calends 
of Famuary, from which every Year begins; to which the Letter 
A is appointed. 


—_— —_— 


5. The Cycle of the Moon, is the Revolution of 
19 Tears, in which the Ancients thought the Changes 
of the Moon, the Indexes of the Paſchal Feaſt, did re- 
turn to their firſt beginning, and was called the Cycle 
of 19, as «jo the Golden number; either from its uſe, 
in like manner dear as Gold, which in OI Time they 
performed in ſhewing New Moons; or hecau/e it 1:5 
expoſed to the view of all Men in Gol len Letters. 


Therefore becauſe the Ancients did affix the Feaſt of the Paſſo- 
ver to the Full Moon, which followed the Vernal Equinox, alſo 
becauſe that Chriſt Celebrated the Paſſover in the Full Moon of 
the ſame Vernal Equinox, and Suffered and roſe agiin ; from this 
Cycle they would learn the New and Full Moon, and coaſcquent- 
ly alſo the Feaſt of the Paſſover: But their expectation was truſtra- 
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ei; for the Changes of the Moon did not return 
preciſely to the ſame beginning in 19 Yeats, but is 
reſtityed by Obſervations to anticipate ſomewhat z 
which d from the time of aſſuming of this Cy- 
de, increaſed into ſome days, and ſo the Cœleſtial 
Changes were of one day, but the Changes accord- 
ing to the Cycle, or of the Eccle/taſticks, were of 
Mother; for akho' the Cycle (f the Moon at this 
ime dorh not any more deſign the Changes, yer from 
the Ancient: Inſtitution, we who retain the Julian 
Calendar, take out the Feaſt of the Paffover, or of 
later, from it, no otherwiſe than as if it did ſhew 
the Changes of the Moon exactly: And this aceord- 
ing to the Cannons, which the Fathers of the Nicæne 
Council Aſſembled, by the command of Cz/a# Con- 
fantine, in the Year of the Chriſtian Epocha 325 
ubeit they do not agree with the Heaven, yet they 
have appointed it in this Senſe. 
1. The 21 day of March is accounted for the day 
f Wo the Equinox. 
a 2. The Full Moon happening on the 21 of March, or the next follow- 
$ ag, is accounted for the Full Mon of the Paſchal Feaſt. | 
[ : 3, 75 Mag next following this Full Moon, is the day of the 

4. If nevertheleſs the 1 4 day of the Moon, or the Full Myn, haps 
jr an that Lords Day, the Paſchal Feaſt muſt be Ce ebrated 8 days 
after, to wit, leaſt it ſhould agree with the Paſſer of the Jews. 

6. The Paſchal Termt, and the Epact alſo, belong to 
the Cycle of the Moon. 

7. The Paſchal Terms, are the number of days of 
March and April, with the aſcribed Letters, ſhew- 
ng by the Golden Number and the Dominica! Let- 
er, the Fourteenth Eccleſiaſtical change of the Moon, 
ud the following Lords Day the Feaſt of Eafter. 

o WM Theſe Terms conſiſt between the 21 of March and 

f MM 18 of April incluſive, in which the Call Moon 

is W"rver neither goes before nor follows the Paſchal 

rat; even ax alſo tbe Sets elf neuber 1 
1 
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he 22 of March, nor follows the 25 of April, ac 
cording to the Verſe. 


The Feaſt of Eaſter preceeds not the 22 of Match ever, 


Nor doth it follow the 25 of April never. 
TieGded Til z1 $9 
The Paſchal Terms. | A. 5. dM. 25.9 A. 13. 1.1. 


Frei + 1H 
M. 22. d. A. rob M. zoel A.18.c.| A. 7. f. |Mzji 


EE 
A. 15. g A. 4. CIM IAH A.- I zd A I. g. IV. cc 
| t 
E A. 9.4. M. 29. dA. 17. b. | E 


This Table begins in the Year of the Chriſtian 
Epocha 1652, and contains in the firſt place the Cy 
cle of the Moon in its order, next the Paſchal Terms 
in their Months, M. March, A. pt, with their 
Letters added to the days of theſe Months, in whi 
the Paſchal Terms fall: Therefore the Dominici 
Letter being given, and the Golden Number, wid 
the ſubſcribed Paſchal Term, if you number tro! 
the day of the Month, and its Letter, to the nen 
Lords Day, you will have the Feaſt of Eafter. 

8. The Epact, are days by which the Solar Tea 
exceeds the Lunar. 

1. For a Solar Year hath days 365, but the L 
nor only days 354, therefore ev ear gathers to 
gether 11 days; and when the collected or gathere 
number ariſes to 20, rhe Intercalation is inſtitute 
ol one Month, and makes the Leap Year ot 1} 
Months, reſerving the reſidue to be added to tit 

Epatt of the following Year. | 
2. And theſe EpaQtsare invented by the Modem 
to ſhew the difference between the Solar and i 
eat 
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Year, and the New and Full Mcon, and they ſhew 
the Ages of the Moon more exactly than the Golden 
Number; although neither theſe, unleſs Correction 
be uſed, can perform that beyond 300 Years. 

3. And the Epacts proceed with the Golden Num- 
her in Old Jaan Calendars in this manner, from 
beginning both from the Cycle with the Year 1653. 


[The GoLien Number. | 1. | 2.] 3-141 5: T6. | 7. 
"The Epatt. 11. 122. [3.12 25+ 16. [17] 


8.49.10. T1. 12. 13. 14 [15 | 16117. 10.019. 


28.| 9. | 26. 1:[ 12. | 23] 4-[15:| 25-1 Z [18.129] 


4. Theſe EpaQts alſo are found from the Golden 
Number, in this manner. | . 

1. The Golden Number being Multiplyed by 17, 

2. The ProduQt divide by 30, the reſidue conſti- 
tutes the Epacts. | 
. TE a of EpaQts among others, is a/ſo this. 

1. The Golden Number of any Tear being given, 
the Epatts of that Golden Number Subtrat from 30. 
the refidue ſhetos the day of the firſt New Moon o 
that Tear : Example, in the Tear 1652. 

The Golden Number is 19, the Epact 29, Sub- 
tract this from 20, it leaves 1; therefore the 1 of 
January this Year happens the firſt New Moon of 
this Year. Another Example, in the following Year 
1653, the Golden Number is one, the Epact 11. 

This SubtraQtel from 30, leaves 19; therefore 
the 19 of Janua y 1653, happens the firſt New 
Moon of this Yer. 

2. To this firſt New Moon if you dd alternately 
29 and 30 days, you will acquire the New Moons of 
the other Montbs, Subtratting them from the diys of 
the antecedent Month, if the Sum exceed them. 

Ff 2 Example, 


P 
- = . 


_— — 
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Example. 7 

To the 19 of January add 29, they make 48; 
Subtract 31, the days ot January, there is left 1) 
of February, in which the Second New Moon hap- 

ns. 

1 The Cycle Indidion, is the Revolution of 15 
Years, in which alſo they ſhewed the time and the 
order of paying of Tribute to the Roman Empire of 
Old Time. Ts 7 

1. What the Ratio or Reaſon of the Cycle of In- 
diction is, the Opinions of Authors indeed are vari- 
ous; that which we ſhall aſſign, is made common, 
and agrees with the German Appellation; but 
wharſoever the reaſon of Appellation is, the thing 
being advanced, the Name of Cycle of Indiction 
continues, and the Chronological Uſe of ir, in which 
as Julian Years may be diftinguiſhed ſome from 
others | 

2. And this Cycle is received inſtead of an - 
cha, being reſtored by Conſtantine the Great, Maſter 
of the Peace of the Church, in the Year of Chriſt 
312; and 'tis twofold, from Cæſar, or the Emperor, 
and from Books containing matters of Religion: 
Fhat begins the 24 of September, this with the 25 
ol December following. 5 

3. The new beginning of this Cycle was made in 
the Year ot the Chriſtian Epocha 1648. 

10. The Julian Period 7s the Revolution of 7982 
Tears, in winch only three of the ſaid Cycles of the 
Sun, of the Moon, and of Indiction, return 10 Ile 
Orb, and begin together. 

Therefore in this Cycle are comprehended the 2 
Super iors, Which ariſes from drawing 28 into 19, and 
the Product of the Sum 512 into 15: And this Pe- 
riod is introduced by the Excellent 7eſeph Scaliger. 
be ig Proleprick indeed, and by Fiction extending 
it 16lt beyond the beginning and end cf the World F 

| ; an 


. © 
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and hath excellent Uſes, and compendiouſly contains 
what the three Superiors promiſe. 

And to the Years of the Chriſtian Epocha given, 
if you add the intire Years of the Falian Period 
4713, you will have the Year of the Julian Period 
current in the given Chriſtian Epocha. Example, the 
Year preſent 1700, How much is the Julian Period? 
Anſwer, 4713 being added, makes 6413, which is 
the Year of the Julian Period in this current Year 
re away, of which more ſhall be ſaid in the 

roblems. h 


The end of the Third Book of Chronological Aſtronomy. 


— 


1. 
— 


THE 
- PRACTICE ad USE 


JASTRONOMY. 


W ME the End of Aſtronomy is, not 
: only to. know the Motion and Site, or 
2 Wl Poſtion of the Stars in General, but alſo 
„ deſign and compute the ſame to any gi- 
ven Time, and that they may be accom- 
modated to the Praftice and Uſe of Hu- 
mane Life; it pleaſeth to ſhew this in 
„bree parts of Aſtronomy, to Practice 
5} and Uſe, by ſubjoining ſome eaſie Pro- 
4eme, which follow. 5 
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I. Spherical Problems. 


PROBLEM l. 
To find a Meridian Line, &c. 


In a Right and Oblique Sphere the Meridian Line 
is a right Line, paſſing by the Axis of the Equator, 
or of the World, through the Centre of the Ear 
from the North Pole to the South Pole, reſembl 
in a Plane; the underſtanding of. which conduces 
very much to the obſerving of the Cœleſtial Moti- 
ons, we will ſhew ſeveral ways of inquiring the mo- 
@ tion of it. 8 
1. By the Compaſs or Dial of Travellers. 


For it being turned to and fro, until the movable 
little Tongue or Needle, touched by magnetick ver- 
tue, anſwer exactly the immovable little Tongue 
depicted in the bottom of the Compaſs, then you 
will have what you deſire; for this little Line it ſelf. 
or any Parallel of it, will be the Meridian Line 
ſought. 


2. By the Compaſſes and Rule, by help of an eref 
Gnomon. 
1. Fix a Gnomon or Style in a Plape, parallel to 
the Horizon, erect it perpendicularly at Right An. 
es, and note at ſome time before Noon, the Sun 
hining, the extream point of the Shadow, which 
the Gnomon caſts from ir ſelf. | 
2. The Gnomon being taken away from the point 
of irs Station, through the extream point of Shadow 
noted juſt before, draw a Circle. g 
3. Reſtore the Gnomon in its place, keeping pre- 
ciſely the ſame length of it and the rectitude which 
it had before, expect until the Shadow of the Gno- 
mon (in the time before Noon decreafing, after 


Nou 


—_ = td FLY — td 


— 
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Noon increaſing again) touch in the deſcribed Circle | 
again, but in another place; which point of Con- id 
tract note. | | 

4. If afterwards you biſe& the Arch of the Circle 
between the two noted points of the Shadow, and 

draw a right Line from the Center thro the point of =» 
Section, it will be the Meridian Line ſought. 

NOTE. a 

The Shadow which the Gnomon cafts from it ſelf 
being perpendicularly erefed, or hung perpendicu- 
' larly under that moment of the Hour 12 of the Me- | 
ridian, ſhews alſo the Meridian Line. 
1. A Meridian Line divided by another, and cut 
croſswile at Right Angles, that part which beholds | 
the Sun is South, the oppofite is the North; the | 
Left Hand part of the other Line is the Eaſt, thut 
to the Right Hand ſhews the Weſt; ſuppoſing you 
look towards the South. 

2. The Meridian Line being drawn, the ſame ſhews 
the Cceleſtial Meridian of any place. 

2. The Shadow of a Style ndicularly erected 
upon a Meridian Line, or of a {ul- 
pended upon the ſame, agreeing exactly to the Me- 
ridian Line, it ſhews the point it ſelf of the Meri- 
dian, or the moment of the Hour of Twelve. 

4- The Compaſs being placed according to the |; 
Meridian Line, and the Sun ſhining, fhews the hour | 
of the day, although ir ſhould want the magnetick 
Needle or fittle Tongue. 


5- A Star ſeen by the extreams of two Gnomons, 


I erected upon a Meridian Line, is 
underſtood to conſiſt in the Meridian it ſelf. 


PROBLEM I. 


To find the Altitude of the Sun, of the Moon, an1 
If other Stars above the Horizon. EW 
| 0-8-4 1. It 
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1. In the Cæleſtial Globe. 


1. Conform the Globe to the Pofition or Being 
of heaven, in the given time. 
2. Pur down the Quadrant of the Vertical Circle 
annexed to the Meridian, thro* the known place of 
the Sun, or any Star given; the Arch of the Qua- 


drant intercepted between the Horizon and the place 


of the Sun, or the Center of the Star, will ſhew 
the Altitude of the ſame to the time propoſed. 


2. In the Heaven it ſelf. 


For to do this, it behooves the Aſtronomer to be 
furniſhed „ 2 foe may 
into Degrees, fitted with Sights and a Perpendicu- 
lar: If the Center of this be placed oppoſite to the 
Sun or any Star, and ſo long raiſed or depreſſed 
while the Sun Beams paſs thro both the Sights, 
the third of the Perpendicular hanging freely, or 
any Star ſeen through theſe holes, or at leaſt may 
be ſeen through the little extreams of the Sights, the 
third will ſhew in the Limb of the Quadrant the 
degree of Altitude, which the Sun or any Star ob- 
_ in that moment of Obſervation in the Vertical 

uncle. 


PROBLEM II. 


To take the greateſt Altitude that the Sun or any 
Star rifing and ſetting, can have in the Jiven day.” 
This greateft Altitude is, when the Sun or Scar 
conſiſts in the Meridian Circle, in which moment it 
begins again to decreaſe, as before it increaſed. 


1. In the Globe therefore. 


Bring under the place of the Sun or the given Star, 
to the Meridian of thy place; then the Arch it r 
i 0 0 


e 
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of the Meridian, intercepted between the Horizon 
and the place of the Sun, or the Center of the Star, 
will ſhew the greateſt Altitude of that day. 


2. But in the Heaven. 


Tou will have the greateſt Altitude of the Sun, 
or of any Star mounting the Horizon, if you take ir 
when the Sun or the Star is in the Meridian Circle 
it ſelf: or if this Moment be dubious, when they 
confiſt a little beyond and on this fide the Meridian, 
tike the Altitude ſometimes increafing and decrea- 
ſing; which greateſt Altitude you will then diſcover 
for the Meridian, and back again, you will have 
the Meridian for the greateſt Altitude of that day. 
In an Oblique Sphere the Stars ty not, do paſs the Meridian 
twice in one Diurnal Revolution, both of this ſide and beyond the Pale, 
hqving there the greateſt, here the leaſt Meridian Altitude, which are 
_ aw the jos manner z and this may be done twice in one long 
mer night. 


PROBLEM 1V. 


To find the greateſt and leaft Altitude which the 
Sun can have at any time in the whole Tear in the 
Merididh. 8 | 


This happens, the O being in O &, and o w. 
In the Globe thereforc. 


Theſe places bring under the Meridian of the 
place, in which you may number the greateſt and 
the leaſt Altitude from the Horizon. 


But under the Heaven. 


About the middle of Summer, to wit, from the 
10 to the 14 a June, likewiſe about mid Winter, 
from the 10 to the 14 of December, (between which 
days the Sun is higheſt and lowelt in the Meridian) 
about Noon take oftentimes the Altitude of the Sun, 

_— ee increaſing 
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increaſing and decreafing, and you will obferve that 


to be the greateſt which is in the end af 
and the leatt in che end of decreating; fer the great- 
eſt and leaſt Meridian Alritufle to be had of the Sun, 
that it can acquire in the Heaven. 

In this manner yon will find at London. 


The greateſt Altitude of the Sun Er: 39 
The leaft mn m——— 1 


PROBLEM V. 


From the Altitude of the Sun given, or of a Star, 
or of any point of Heaven, to know the diſtance of 
the ſame from our Vertex. Fig. 140. | 

The Altitude b i being found, take it away from 
h b, or 90 The reſidue b i is the diſtance of the 
given point from the Vertex. 


So if from 90%? !ͤ!ͤüͤc.! wg. —ò * 60 

Ton Subſtract the greateſt Altitude of © ———61 : 59 

There is le. ————— 28: O! 

So much © is diſtant from our Vertex, yea, in 
Summer, when neareſt to us; which diſtartge con- 
fiſts of Exgliſb Miles, (allowing with Mr. Norwood. 
2 Degree, to contain Miles 69 * —— 1946 [964 


—— : 
But in Winter the furtheſt diſtance is 14 57 
Which Subrracted from go” Or — 60 
It leaves — — — e 
Which is in Engliſh Miles — — 3203 228 


And hes it ſeem, to be diſtant ſcarce an Hundred Paces. 
PROBLEM VI. 


To compute the Altitude of the Equator, fram the 
greateſt and leaſt Meridian Altitude of the Sun found. 
Fig. 183. . 

n 


* 


Tn this Scheme A B C is the Meridian, D the Center of 
ADC the Hwizontal Line; BDE the Eni! 
F D G the Ecliptick H & the Tropich of Cancer; F I rhe Nick 
of Capricorn 3 H A the greateſt, F A the ien Aeridian Altitude 
the Sun; B A the Altitude of the Equater ; HF the diftance of the 
Tropicks : Therefore 


1. From the greateſt Altitude HA Gr : 39 
Subtra# the 1 —— — — F A 14 2 37 
There 10 ef. — — — HF 47 : o 


2. This Remainder divide in the midule in B, 23 1 38 

Add © this half to the leaft Altitude F A, 14 : $7 

And it makes ——— —— 8A 33 : 28 | 

Which is the Altitude of the Equator, under the Elevation of the 
Pole of London. | 3 
PROBLEM VII. 

To find the Altitude of the Pole for place: 
Here * divers ways, but Learners E. note 
1 ET | | 


1. From the unde of the c being fd: 


From 4 K 4, the Quadrant of a Circle, 90: Or 89 : & 
Subtra& 6 A, the Altitude of the Equator ——-38 : 28 
And there will be left KB, the Latitude of Lond. 31 : 32 
The ſame quantity as the Altitude of the Pole at 
London fought, L 
2. Fromzhe twofold Meridian Altitude of any Star 
that ſets not. gh 1 


Ry Example, of the laſt in the Tail of the great 


Suppoſe its greateſt Altitude to be MC 88 : 5. 
Irs leaſt Altitude N yk 8: 4 
The Difference M N——— ===—=— 0 : 40 
To the half of this N L ——-——— 40: 20 
Add the leaſt Altitude x — 8: 14 
It makes the Altitude of the Pole ſought L Co 48: 34 


PROBLEM VIE. 
From the greateſt and leaſt Meridian Altitude of 
the Sun found, 40 collefl the diſtance of the * | 
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the greateſt oy of the Ecliptick, and the great 
eft Declination of the Sun. ; | 

For theſe 2 depend mutually on one another, and 
may be found in this manner. | 


From the greateſt Meridian Altitude of O HA 61 : $9 


SubtraF the Leaſt — — — FA . 

Ir leaves the diſtance of the Tropichs HF 47 : o2 

The half of this — —  : : 3 

Is the greateſt Obliquity of the Ecliptick, and the 
greateſt Declination of G. 


PROBLEM IX. 
To obſerve the Declination of the Sun, and of all 


the Stars. 

Bring th 1 

e 0 an, or of any Star to the 

Meridian, in the degrees of which «wif Declination 
of the Sun, or of the Star from the Equator, whe- 
ther it be South or North, is expoſed to the Eyes. 

19 In the Heaven. 

1. Obſerve the Meridian Altitude of the Sun or 


Star. 

2. Subtract it from the Altitude of the Equator. 
F it be greater, or this being leſſer, Subtract ir from 
that, and you will have the Declination ſought. 


Example. 
The Meridian Altitude of th! Sun is———=49 : 1% 
From this SubtraF the Altitude of the Equator—=38 : 28 
It leaves the Declination of the Sttt=o—————o : 47 
W's . 


If any Fixt Star be ſo far North, that it exceed 
aur Zenith by its Meridian Altitude, and ſo cannot 
be taken from the Meridian, do thus. i : 

8 1. Take 
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1. Take the Altitude of it from the North. _ 
2. Take away this from a Semicircle, and you will 

have the Meridional Altitude of the Star from the 

Horizon. 1 

| 3. From this Subttact the Altitude of the Equa- | 

tor, it leaves the North Declination of that Star. 


Example, Fig. 183. 


Lets find the Northern Altitude C M, of they © ' * 
Thereforefrom the Semicircle CM A 180% Or 179 : 66 
Tabe away th: Altitude North C 77 : 40 

It leaves MA the -ltitude South. —102 : 20 
From this take away the Altitude of the Equator B A38 : 28 

It leaves M BEE — — — —63 1 92 
The Declinat ion of the Star North. 


PROBLEM x. 
The greateſt Obliguity of the Eelipticł being given 


23* : 31', to find the Declinations of each degree of 
the Ech prick, by Trigonometrical 2 ion. 


Fig. 184. In this Scheme d f g h is the Solffitial Colure, and te 


ſame is the whole Meridian Circle : The Equator e a g, its Pole f; 
da h the Ecliptich; fe b the Circle of Declination, or any Meridian; 
ac an Arch of the Eclipti 1 int C the Declination c b is 

8 


ſought 3, and let e be 17% of , Arch a c 47%. 
Make it then. : 
As a d the whole Sine n d e theSine of the greateftObliquity 23:31 
100000, 39902. 
So the Sine of a c 47 [H be th: Sine of Declination ſought, „ , 
73135. 29182 whoſe Arch ks 16 : 48 
NOTE. 


By this Artifice is made the Table of Declination 
of my of the Ecliptick, from which, without 
much Labour, the Declination of every degree of the 

i Ecli pI ick 
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Ecliptiek may be bad : The Method which is uſed, not 
only in the Tabir of Declination, but in many others, 
we will briefly fhew. hos 
I. Seek the given Sign, either in the Front or in 
the Foot of the Table; bur che degree of the Sign 
in = fide, by in the * == Ar 
the Sign in the Front, or to the Right if in 
the Foot of the Table. Y GS 
2. Which being done, the Declination t 
will appear in the Angle, which is common wk 


j 


Sign and Degrees given. 
Of finding. the part Proportional. 


If to any degree of the Ecliptick given, there do 
alſo Scrupies adhere, as there: doth for the moſt 
part, the part Proportional muſt be ſought due to 
the adhering Scruples, in this manner. 


1. Take the difference between the Degree given, 
and the next following, which difference is always 
1 or 60, to be put in the firſt place in the Rule of 
Proportion. = 
2. Take alſo the difference between the Declina- 
tions of both theſe Degrees found in the Table; 
which difference will obtain the ſecond place in the 
Rule of Proportion. 

3. In the third place put the Scruples adhering 
to the given Degrees, and work after the uſual 
manner. | 


4- The Quotient either add to the Declination ot 
the whole Degree given, it it increaſe in the follow- 
ing; or Subtract it from the ſame if it decreaſe, and 
ou will have the Declinarion fought to the given 
and Scruples. | 


- 


Example 
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The Declination is ſought. 


4.4 
1 
Ws © By V 


To 12 : 15 of v. : 
The Declin. of 13 : off til : 46 
The Declin. of 12 : 0 8 is — — 15: 27 
The Diff. of 1: Gor 6016—— I9 


5 Say then 


If 60' give 197, what groves 15? Anſwer, 4“: 45 
Therefore ſince the following Declinations increafe 
To the leſſer Declination —— r 
I add the Proportional part - — 04 45 
And it takes the Declitation fought T5 * 3X": 45 
Tor the groen 12* : 15 of &. Aa Rs 


: Example II. 
The Declination is ſought to 15* : 200 of X. 
The Declination of 15% of & is—5* : 56. 
Ihe Declination of 16 of * is—5 : 52. 
The Difference of 1* or 60 15—0 : 24 


Say then 


If 60' give 24', what -dath 20. give ? Anfwer, 8* 
Then becauſe the following Dechnations decreafe 
Therefore from the Declination af r of 3% : 35 
I Subtra the part Proportional - 08 
And there is left —— —--5* : 48 the Declingtion 
Of - — 5 : 2%“ x ' 


This Method of finding the part Proportional, is 


1 
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to be diligently noted and praGtiſed, fince in all Ta- 
bles — 3 the like Operation is required. 5 


PROBLEM Xi. 


From the Suns Declination given, to find its true 
place in the Ecliptick. 


If nevertheleſs the part of the Yeat be alſo known, 
or in which Signs beyond or on this fide the Cardi- 
nal points the Sun is converſant, ſince before and 
after theſe points the Declinations are equal. 


1. In the Globe. 


Under che number of the Declination given, place 
the Ecliptick in the Meridian from the Equator, 


towards the North or South, taken on that purt, 


in which the Sun is ſuppoſed to be converſant; the 
agreement of which, with the number of Declina- 
tion, will ſhew the true place of the Sun. 


2. By Trigonometrical Calculation, 


— Let it be done in the former Scheme 184. 


As de the Sine of the Tothe Sine of cb the declin. \ So the whole Sins 
greateſt Declination i Exam. ef s: 10er Radius d a 
23® : 31. 39902. 10742. 100000. 

To the Sine of the . 

be c a . | 
26920 which arch in theC anon ef inet is found 1 59 :37* 


And that you may know whence, and how this 
Arch found is to be numbred, note what follows. * 
1. 1 
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1. If the Sun be converſant in the Spring or Au- 
tumnal Quadrant, then the Arch found ſhews the 
place of the Sun, numbred from the beginning of 
oro . i 


2. But if ſhe be in the Summer or Winter Qua- 
drant, then the Arch found muſt firſt be taken away 
from 90: And then at laſt indeed it ſhews the Suns 
place from the next Solſtice, either to the Summer 
or Winter, that is, either from o & or o y; num- 
bred according to the order of the Signs. 


3. From the Table of Declination of the Eclipticł. 


The finding of the Suns place is not done by the 
Lateral, but by the Areal entrance in the Table. 


For the Declination given is to be taken from the 
Area of the Table, but the degree of the Ecliptick 
—_— or anſwering to it, is to be ſought in the 

ide, 2 


In this manner. 


Given, for Example, the Declination of the Sun=———5? : 56. 

Which being ſought in the Table of the Suns De- 
clination, or arts of the Ecliptick, I find to an- 
ſwer it in the left fide 155, either of Y or ; and 
in the right fide 15, either of my or &. 


Therefore 15 of the Ecliptick is certain, but 
which of theſe 4 Signs the Sun poſſeſſes, muſt be eſti- 
mated from the Ratio of Time. 


Of finding the part Proportional. 


For if the given Declination of the Sun be nor 
— found in the Area of the Table, the part 
toportional is to be ſought _ 

g n 
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In this manner. 

| Given the Declination of the. Sun 6* : 100 
What degree of the Ecliptick anſwers to this De- 


(li nul ion? 


In the Table I find. 
1. The Declination next greater 6e: 19 
The next leſſe r: —5 : 36 3 
The difference is —— — which is 


The firſt number in the Rule of Proportion. 
2. The ſecond place obtains 1% r 60 


2 


23 


. For the third place or number, we muſt ſeek 
the djtterence between the Declination given 6: 10' 
And the next leller — 4 2 56 
Which difference is — — 14 


— —— 


Say then: 
If 23" give &, what doth 14' give? Anſicer, 


Therefore I add this number found to the degree 
of Declination of the Ecliptick, next leſſer to our 
given, which in this place is 159. ſo it will make 

Of the Declination given 6“: 10': 00 

The reſponding degree of the Ecliptick 15 ; 36 : 12 


But of which Quadrant or Sign this Degree i 
muſt be eſtimated from the time, as aforeſaid. bs 
(And becauſe we have ſpoken before of Lateral 
Latefuiee in the Table of Declination, and of finding 
ie part Propertional, the ſame alſo muſt, be under- 
Jiood concerning this Areal entrance; to wit, we 
maſt proceed in the like manner alſo i many other 
1ubles: Therefore Studying brevity, we Toll as 

a 
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add Exampley bereafter, but leave this to the Studi- 
ou in Alt onomy..) 


PROBLEM XII. 


From the Altitude 5 Declination of the Sun on 
the Meridian, in a given place, to transfer the ſame 
to any ther Hour, before or efter tbe Meridian or 
Noon time. 

After Noon, add, before Noon, ſubrraQ to of from 
the place of the Sun, for 1 Hour 2 , for 
every Minute 2: 28, you will 1 the 
rue FR of the Sun, oy 


PROBLEM XIII. 


From the Altitude of the Equator given, and from 
the dechnation of the Sun, or of. any part of the E- 
cliptict, to produce the Meridian Altitude F the 
ame. 

i Add the Declination of che parts of the Ecliptick, 
ot of the Sun, converſant in A in Northern — 
to the Altitude of the Equator; in Southern Signs 
ſubtract ir, and you will produce the Meridian Al- 
titudes of all rhe parts. 


E xample. 
Df 38 Wh "Meridian Attirade of the Sun, if ſhb 


be converſant in 10 of Aries 


Anſwer, Since the declination of this deger 1 3 3 of 
Add the Altitude of the Tguatur . ———38: 28 


and yu wil here the Meridian Ai — 42 3 26 


Another Example. 


Foto mitch Is the Meridian Altitude of theSun,hein; in 209 ; of 
Snſwer, when the Altidude of the Equator is —38 : 23 


And the Deriſna lien of the Degree gihven—————22: 2 
This Subtracted from that, leaves 18: 25 
The Meridian Altitude ſought. . 


Gg 2 Problem 
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PROBLEM XIV. 


To find by the Quadrant from Heaven, the diſtance 
of to Stars in. any. great oy deſcribed rom the 
Center of the Earth, or frons the Eye of the Specta- 
Tor. 

I. 


1. If both the Stars are in one | Vertical Circle, 
obſerve the Altitude of both. 

2. Subtract the leſſer from the greater, the reſi- 
due is the diſtance of thoſe two Stars in 1 degrees of 
a great Circle. s 0 

But if they conſiſt not in the {fame Vertical, yet 
are ſo poſited, that- by-the-Superficial Nane of the 
8 you may behold both together. 

pply the Sich hrs of the Quadrant to the fide, 
and bh Won behold one of the Stars, of which you 
dene to know the diſtance. © 
2. The Quadrant remaining unmoved, direct the 
Si * alſo to the other Star; which degree of the 
— then cut, will ſhew you the diftance of 
thoſe two Stars. 


PROBLEM XV. 


To find the Eaſtern and Weſtern Amplitude of the 
Sun, and wed - 4 Stars. — 7 


I. In the Globe. 


Bring the Eaſtern and Weſtern place of the Sun, 
or of any Star, to the Eaſtern or Weſtern Horizon, 
and the Arch of the Horizon intercepted berween 
the riſing or ſetting of the Sun or Star, and the 
= will ſhew the Eaſtern or Weſtern Ampli- 


2, Under 
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2. Under Heaven. EH 


1. The Sights being fixed to the Quadrant, one 
of the ſides being parallel to the Plain of the Hori- 
zon, direct it according to the Meridian Line. 

2. Then turn the Sights towards the Sun or the 
Star, riſing or ſetting, until the Sun Beams extend 
through the hole of one of the Sights into the op- 
poſite hole; or the Star be ſeen chro both. 

3. The Arch of the Horizon intercepted between 
the Sights and the fide of the Quadrant, Eaſtern or 
Weſtern, will be the Eaſtern or Weſtern Amplitude. 


3. By Trigonometry. 


We muſt proceed thus, to wit, there being given 

I. TheElevation of the Equator 38* : 28 

2. The Declination of the Sun, or of any part of the Eclip- 
tick, or alſo of a Star, which for Example is 17 : 48 

In Fig. 185 ABC zs the Meridian, DEF the 
Equator, G HI the Ecliptick, A E C the Horizon, 
BH L the Arch of the Circle of Declination; H the 
degree of the Ecliptick, ar any Star given, HL its 
declination; D A or F C the Altitude of the Equa- 
tor, EH the Eaſtern Amplitude ſought. 


Let it be made then 


As F E the Sine of the Lo the Sine H L of the [So the Radius — 
Elevation of the Equator declination 17 : 48,or whole Sine E C 


389 :28.——..kX(ß„ũ2bc1 30569 100000 
62206 

To E He he Sine ſough:| whoſe Arch 299: 26' is # 
43141 Eaſtern Amplitudeſought E H. 


From this Foundation are made, Tables of the 
Eaſtern Amplitude of the parts of the Ecliptick in an 
Oblique Sphear, to ſome one Quadrant of it; from 
which alſo the others are known: But in a Right 
Sphear the Eaſtern Amplitude and the Declinarion 
ot any part of the * in all things: An! 

8 3 in 


2 
*C 
7 
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ina Parallel Sphear, an half part of the Ecliptick 
ariſes not, and an half part never ſets. 


PROBLEM XVI. 


To find at any time given, the Azimuth Arch of the 
Horizon, paſſing between the Vertical thro the Sun, 
or Ne Star, and intercepting either the next Me- 
ridian or the Equator. 


T. In the Globe, being directed to a time groen. 


Let down the Vertical Circle thro? the place of 
the Sun, or the given Star, which immediately 
makes known its diſtance in the Horizon, from the 
Equator or next Meridian. | 


2. Under Heaven. © 


1. Again apply one ſide of the Quadrant to the 
Meridian Line, the other to the Line of Eaſt or 
—. of che Equinoctial, diſtant from it by a Qua- 


2. Direct the Sights towards the Sun or Star; and 
becauſe when the Sun or a Star is eleyated above 
the Horizon, neither the Beams of the Sun paſſes 
thro? the holes of the Sights, neither can a Star be 
ſeen thro* them, therefore to the foremoſt Sight 
affix a Style; but that Sight muſt be ſo directed, 
that either the ſhadow of the erect Style may fall 
upon the Diameter of the Sight, in che obſervation 
of rhe Sun; or the Star may be ſeen thro? the neer 
hole and the top of the ereft Style: For ſo the 
Sight will ſhew the diſtance of the Vertical Circle 
drawn thro' the Sup or Star, being numbred from 
the Coaſt cicher next to the Eaft or to the Weſt, 
9x to che Norch or tq the South. 

| 3, Trigo- 
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3. Trigonometrically. 
The Method of = ing the Suns Azimuth is 
us. 
I. If the Sun be in Y or i, and there be given 
1 or Example 
1. The ſecond Hour Rom! Noon, being 3 
into degrees of the Equator- — —30? 
2. The Altitude of the Sun —— 34: I 
3. The Complement of it —55 :51 
I fay 


As the Sine of the complement RR.” 1. 300: 
of the Altitude 55%: 3 51— 2 


92757 To the Sine of 1 the he Arimuth ſought 
So the whole Sine or Rudin 60417 
L00000 


To which anſwers, the Arch of the Horizon 370 : 
And the Conplimens of IÞ mom 2 0 


2. If the Sun be in ſome Northern fign, and there 
be given again 
I. The Second Hour after Noon, of Degrees Ll the 


Equator — $0”: 0 

2. The declination of the Sun— -16 : 21 

. Its Complement — —_ — « 39 

4 The Altitude of the Sun ——-—48 : 52 

5. Its Complement —————— 4 : C8 
Make it 


of the Altitude 41:8 
To the Sine of the Arinuth fmght 


65781 
So the foe of the com- 72935 


plemens of * 


As the 5 To the wah oh. : of 


730 3 39 — 
95956 
To which anſwers, the Arch of the Horizon 46® : | 
_ the Complement of it———: 


. It che Sun be in any Southern Sign, and there 
1 given | | 
Gg 4 1. The 


[4 
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1. The ſecond Hour after Noon, of degrees of the 


Equator —— — — 30%; of 
2. The Suns declination————11: 29 
3. Its Complement - — — 78:31 
4. The Suns Altitude — — 23: 30 
5. Its Cnple ment — 56: 30 

1 Say 

As the Sine of gyTo 309 of the So the Sine of the compl. 780: 31 

the complement # Equator 97998 

669 : g0'—— $0000 
91706 To which an- 

To the Azimuth 


ſwersz 2018 
ſoug ht Y And its com- 
33430 Ol. ts 57 42 


PROBLEM XVII. 
To find the right Aſcenſions of the Sun, and of 


every continual part of the Zodiack, viz. begun 
from the Vernal or Spring Equinox. | 


1. In the Globe. 


For it being accommodated to the Site of a right 
Sphear (or to the Meridian, being uſed inſtead of 


a right Horizon in an Oblique Sphear ) bring the 
end of the given Arch to the Eaſtern Horizon, and 
the point in which the Horizon and the Equator cut 


each other mutually, will ſhew the right Aſcenſion 
of the given Arch. 


So the Sun being in 40 of U, I conveyed 
to a right Horizon, the Section of the Horizon and 
of 12 Equator, will ſhew the right Aſcenſion of 
it 62“. | | 

br Fig. 141 AB Cie the Colure of the Solftices, 
AD C the Ecliptick, ED F the Equinotlial, 12 

ole 


42S *%. *% ns wud 
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Pole is G; the Efuinox in D: Let L be the point of 
the Ecliptick, & L K the Circle of Declination, att- 
mg the Office of the Horizon : C F the greateſt Obl;- 
quity of the Ecliptick; CG its Complement, D L the 
Arch of the Ecliptick given, D K its right Aſcenſi- 
on ſought. Then 

2. Trigonometrically, from the given. 


1. The greateſt Obliquity of the Ecliptick F 8 — : 31 

2. And the Complement of it CG — —66 : 29 

3. The Arch of the given, which for Example is DL3o : 00 

4. Its Complement L C —— —.— 60 co 
Let it be made. 


As G C the Sine To the Tangent of L C the com- So G F the Radius 
of the Comple- ( plement of the Arch 60 100000 
mentof Obliquity 173205 
669: we) 

91694 
To the Tangentof f whoſe Arch i629: 6 
the Complement & And the Compl. of it 27 : 54is the Aſcenſionſought. 
KF of the Aſcen- 
183906 


NOTE. 

1. In this manner is made the Table of Right Aſ- 
cenſions to the firſt Quadrant of the Ecliptick, vig. 
of the Spring. 

2. The Aſcenſions of the following Quadrant of 
Summer are had, if you take away the Aſcenſions 
of the firſt Quadranr from the laſt ro the firſt, trom 
180*. 

3. The Aſcenfions of the other Semicircle are ob- 
tained, if you add 180? to each Aſcenſion of the 
former Semicircle. 

4. From theſe kind of Tables, being made, how 
the Aſcenſions are found our, you may eafily gather 
from what is ſaid before. 

5. If the Right Aſcenſion of any parted Arch be 
ſought, the Labour is doubled; and che A 

mu 
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muſt be ſought as well at the begining as at the end 
of the Arch, that being ſubtracted from this, (3605 
bei _ if neceſſity require) leaves the Aſcenſi- 
on ſbught. | | | 

6. It you are willing to find the Mid Heaven, as 
well in a Right as an Oblique Sphear, {ek the right 
Aſcenſion of the Degree of the Ecliptick given, or 
the Degree of the Ecliptick anſwering to the right 
Aſcenfion, and you have your deſire. 


PROBL E M XVIIL 
To find the right Deſcenſion of any Arch of the 


Ecliptick, continual or parted. 

In a right Sphear, the Deſcenſion of any Arch of 
the Ecliprick, is equal to the Aſcenſion of the ſame, 
1 this being given, you muſt needs know 
Tllat. 


PROBLEM XIX. 


To find the Aſcenſional Differences between the 
Right Aſcenſion and the Oblique. 


1. In the Globe. 
You will have the Aſcenſional Difference, if you 
firſt ſeek the right Aſcenſion, and after that, the Ob- 


lique; ſubtraCt the leſſer from the greater, it leaves 
the Aſcenſional Difterence. 


2. By Irigonometry, there being given. 


| 3 
1. The Altitude of the Equator, for Example. 38 : 28 
2. The declination of the given Arch of the Ecliptick. 16: 36 


Bur the Arch given 47? : or 17 of &, that is, 

30* of Y and 17 of & added, make 47 
I ig. 185 the Altitude of the Equator is CF, 
the Declination HL; the right Aſcenſion of the 
point H, is REL, but K E the Oblique Aſcenſion of 
| the 
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oo rs and E oh the 3 Difference which 


ER" | 


" 29408 whoſe Arch 220: 32 is the Aſcenſconal 
To the Sine of » 
the Aſcenſlonsl 
Difference —— 

38322 


By this Art may be made the Table of Aſcenſional 
eee to 25 Elevation of the Pole, or of the 


Equator, and in eve degree of the Ecli prick : 
hence the Afcenfional difference to any degree of 
the Ecliptick, and the declination of it may be drawn 


forth, yet not neglecling the part Proportional, when 
there 1s need. 


PROBLEM XX. 


To find the Oblique Aſcenſion of an Arch of the 

E cap ck given. 
1. In the Globe. 

By directing it to the Elevation of the Pole, as 

is ſaid before, in ſeeking the right Aſcenſion. 
2. From the Aſcenſienal Difference given. 

In Southern Signs, add the Aſcenſional Difference 

to the right Aſcenſion: In Northern, ſubtract the 


ſame from the ſame, and it produces the Oblique 
Aſcenfion, 


Example. 
The Right Aſcenſion 47 1 44 : 32 
The Aſcenſional Difference i. => 2 


Which Subtralled, leave : 


The Oblique A ſ[cenſion of the . Arch * 
the Elevation of the Pole 48 


3. From 
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3. From the Tables of Obligue Aſcenſions. - 
From the Right Aſcenfions given, and from the 
Aſcenſional Differences, are the Tables of Ob- 
lique Aſcenſions; from which theſe are drawn or 
taken forth, as of Right Aſcenſions; of which we 
have Treated before. . 
PROBLEM XX. 


To find the Oblique Deſcenſion of an Arch of the 

Ecliptick given. | 
1. In the Globe. 

Transfer the end of the given Arch to the Weſtern 
Horizon, under the Elevatioꝑ of the Pole; and the 
point of Section of the HorTzon and the Equator, 
will ſhew what you ſeek. 

2. By the Aſcenſional Difference. 

Do the contrary of it, which we have ſaid before, 
in ſeeking the Oblique Aſcenſion; for in Northern 
Signs you muſt add; in Southern you muſt take away 
the Afcenfional Difference from the Right Aſcenſion, 
to produce the Oblique Deſcenſion. b 

2. From the Tables of Obligue Aſcenſions. 
1. Take the Arch oppoſite to the given Arch, 
which is done either hy adding a Semicucle or 180% 
to the given Arch, if it be leſs than a Semicircle; 
or by Subtracting, if greater. 

2. Seek the Oblique Aſcenſion of this oppoſite 
Arch, which will be the deſcenſion of the given Arch, 
pet by taking away a Semicircle, if the Aſcenſion be 

greater than a Semicircle, or by adding one, if ir 
be leſſer. Example. | 
Under the Elevation of the Pole —48* : 30“ 


To ſeek the Oblique Deſcenſion of an Arch of: 143 : 00 
Add a Semicircle- — — 80 : co 
It makes the oppoſite Arch . 3:3 : 0 
Whoſe Oblique Aſcenſion u ——341 : 37 
Tube away a Semicircle. — —180 : 00 
There is f.. Ä!ͥÄÿç»:æ—ö . GL 3 37 
The Oblique D:ſcenſimm of the 4c. —.— 143: 0 


Another 


19 


PartI:Ch. V. Buch in SphericalProblems. 46 


Another Example. | 


It makes the oppoſite ——— — — TEN . 
2 Semin IR Bros — — 


Tenn: 


NOTE. 


In finding the Oblique Deſcenſion of a parted Arch. 
_ TR 95 the by T4. fo o; 0 1 
eek the Obligue Aſcenſion of its ofite Sign n. 
Which will be . E ä ew 
And this i rs the Deſeenſi on 3 the Sign 8. 


PROBLEM XXII. 


To find the Arch: of the Ecliptick, which anſwers 
to the given Aſcenſion, either Righs or Oblique, or 
that ariſes with the determined point of the Equator, 
abave the Horizon." 

1. Iz the Globe. 

Transfer the end of the given Aſcenſion to the 
Horizon, on the Eaſt part. 

The point of Section of the Horizon and the E- 
—_ ſhews the end of the agreeing Arch of the 

if indeed the given Arch be continual 
but if parted, it will be neceſſary to find the re- 
ſponding degree of the Ecliprick, as well in the 
beginning as ** end of Aſcenſion; and the Arch 
e between thoſe Degrees, is that which is 
ougnt. 

1 2. In the Tables, the Method is thus. 

I. Enter the Table, either of Right or Oblique 
Aſcenfions, under the Elevation of your Pole, Area- 
wile, and in it icek the Aſcenfion given. 1 

2. 


| 

| 

! 
oo 
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2. If the Sign be found preciſely in the Front of 
the Table, the Left Hand ſide will ſhew the degree 
of the Ecliptick ene. 2 

2. If your Aſcenſion given be not found preciſely, 
you mult ſeek the part Proportional in this manner. 

Find the Arch or Degree of the Echpt NEN an tvrr- 
ing to the Right Aſcenſion— 235* : 2 
The next greater wil! be found=—=235 : 44 

But the next leſſer ——— — 234 :41 

The difference of which {fon 01 ;03 

Or 637 the firſt numberof the rule of Proportion. 

The difference of the degrees Y the 5 of 
theſe Arches obtains the fecond place, tohi - * 
ways 1* or. — 

In the third place you muſt put the given e : = 

And the apt leſſer found In he. L 41 

The difference, which 15 ———— : 3 9 
Hence I ſay: 


If 63" make 60', what makes 39 POS 35˙ 
IVhich add to the Arch of Acenſoon of the 2, 
tick of the next leſſer to the given, townt, to 27 hg m. 


4% it will make the Arch of the Echprick27? 37 
44 9 R. 

And in what manner the Arch. of the Ecliptick is 
found, that anſwers to the right Alcenhon: given; 
in the ſame manner alſo is ſought the Arch or. De- 


gree of the Ecliptick, paihng the Meridian 
with the given Arch, or with the * 
quator, and occupying the Mid Heaven; 
atoreſaid, the Right Aſcenſtons and Mid 


differ not. | 
PRO BLEM XXIII. 


To FR the Arch of the Ecliptick, Fl reting 00 
the Oblique Deſcenſion given. 
I. In, the Globe. © 


Transfer the end of the continual Deſcenſion io 
the 
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the Weſtern part of the Horizon, and in the Section 
of the Hortzri and he bchpttek you will find whar 


you ſeek. | 
2. From the Tables. 

You may find the Arch of the ſame in this man- 
| mes 1 - turn 4 —_— oy rs into 
the oppoſite Aſcenſion, by adding a icircle it 
the given Deſcenſion be leſs than a Semicircle, bur 
by ſubtracting a Semicircle if greater. 5475 

2. By the foreſaid 1 ſeek the Arch of the 
Ecliptick. agreeing to the Aſcenſion of this oppoſite. 

3. Add again to the Arch found, 1809, it it be 
leſs than a Semicircle ; ſubtract it it greater: That 
which it produces is the arch of the Ecliprick, agree- 


ing to the Oblique Deſcenſion given. 
Example. 

Given the Elevation of the Pole 480: 30 
The Oblique Deſcemim, of parts 161: 37 
And the congruent Arch of the Ecliptich is ſought 
Add the Semicircle -w ñ =————1 ; oo 
And they make for the oppoſite Aſcenſion -— — 34: 37 
To this agrees, of tbe Ecliptich—- 323 : 02 
Take away 4 Semicircle 180 : 00 

It leaves the Arch of the Eelipticłk 143: oo 
Agreeing to the Deſcenſion gien I : 37 

Another Example. 

Given the Oblique Deſcenſn————— —309 : 07 
And the . Eclipticłk is ſought 

_ away a Semicircle — : o 
And it makes for the oppoſite Aſcenſion 129: 07 
Of this the Arch of the Ectiptich is——-—143 : co 
Add a Semicircle —äů —  : oo 
And it will make the Arch of the Ectiptick——=323 : 00 
Agreeing to the Deſcenſion giver. — : 7 

NOTE, 


If the Arch of Deſcenſion given be diſcreet or ran 
ed, then we muſt work with the beginning and the 
end, as hath been ſaid oftentinzcs. 


Problem 
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PROBLEM Mv. 


To find the right Aſcenſion and Deſcenſion of any 
Star, without the Echptick. 

I. In the Globe. 

1. If the Star, whoſe right Aſcenſion you ſeek, 
be there depicted, transfer it either to the right Ho- 
rizon, or to the Meridian of any Oblique Sphere; 
and the degree of the Equator which paſſes the Hori- 
zon or the Meridian with the Star, is the right Aſ- 
cenſion of it. | 

2. But if the Star, -whoſe Aſcenſion you ſeek, be 
not in the Globe, expect or wait while it arrive at 
the Meridian: Then conſider whether in the ſame 
Moment of time, any of the Stars painted on the 
Globe obtain the Celeſtial Meridian, the which con- 
ſtitute to the Meridian of the Globe. 

The degree of the EquinoTial in like naulltr touch- 
ing the Meridian, will ſhew the right” Aſcenſion, as 
well of your Star as of that noted in the Globe. 

2. It no Star be Culminate together, do thus. 

1. Take the Altitude of ſome Star known to you, 
(which will be done more exad by thoſe that are nigh- 
eſt to the Horizon, than thoſe that have great Meri- 
27 Altitude ) obſerving the Coaſt in which that Star 
is ſituate. | 

2. Diſpoſe the Globe ſo, that that Star in the ſame 
Coaſt, may obtain under the Quadrant of the Vertical 
. N. Same Meridian Altitude alſo in the Globe, 
tohich it huth in the Heaven. 

2. Then in this poſture, the degree of the Equino- 
tial which touches the Meridian, will be alſo the right 
Aſcenſion of thy Star, being in the Meridian; to which 
alſo the Deſcenſion of the ſame s equal. 

Another way. 

1. Let there be given, 1. The Suns place at the 
Noon, which next pꝛeceeds the time of 3 

2. 
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2. The right Aſcenſion of this place of the Sun. 
. 3. Then having ready at hand a long Pendulum 
p Clock that goes truly, ſet exactly to the motion of 

the Sun the fame day at Noon. 
4, In this obſerve how many Hours from Noon, 
1 ** whoſe Aſcenſion you ſeek, arrives at the 
ian. | 

5. Convert thoſe Hours into Degrees and Scruples 
of the Equator, (by affuming for one Hour 155 for 
1 Fifteen Minutes, c.) add them to the right Af 
cenfion of the Sun, and ybu will have the right Aſ- 
cenſion of the Star which you ſeek. 


BROBLEM XVI. 


2 — 1 2 30 


100000 2 
7o the Sine of the Aſcenſinal difference 
44258 


39988 5 
Ne Archof which 266: 9 is the h between the 
r 


PROBLEM Xxvll. 
To find the Oblique Aſcenſion and Deſcenſion of 


iny Star. 
1. In the Globe. - 


The place of the Star given being known in flis 
Globe, turn the Globe until 10 Star fall in * 
= e 


* 
ö 
| 
| 
| 
ö 
[ 
| 
| 
. 
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the Oriental Hotizon, if you ſeek rhe Aſcenhon, or 


with the Occidental, if you ſeek the Deſcenſion: 
For then the Section of the Horizon and the Equa- 
tor will ſhew the Aſcenſion or Deſcenſion of the 


Star, numbred from the Spring Equinox; and indeed 
Oblique, being poſited under a certain Oblique 


Sphere. | 
2. From the Aſcenſional difference given. 
1. For finding the Oblique Aſcenſion. 


In Stars declining towards the North, fubtraQ 
the Aſcenſional Difference from the right Aſcenſion 
of them; but in Stars declining towards the South, 
add it to them, and you will produce the Oblique 
Aſcenſion. | yr 

Example. 


, Of Ar& Northern z The right 
F Oo Her ence— 


ES = 
Aſcenſion is 209 : 29 

——  . o 
It leaves the Oblique jo at Tubin 183 : 20 


8— 
2. Of the Greater Dog, Southern, the right Aſcenſion is 97 : © 
25 the — Difference —— — — 8 


It makes the Oblique Aſcenſunin the Latis. FTubiog11s _— 
2. For finding the Oblique Deſcenfion. 


Act contrariwiſe, viz. To the right Aﬀcention of 
Northern Stars add the Aſcenſional Difference: 
From the right Aſcenſion of Southern Stars ſubtract 


it, and you will have the Oblique Deſcenſion. 


Example. 
; a- 4 
1. Of Arfurus, fo the right Aſcenſion-n————0g : 29 
Aid the Aſcenfional Difference — 286: 09 
I mabes the Oblique Deſcenſion 233: 38 
2. Of the Dog Star, from the right Aſcenſion 97 © 07 
Tate away the Aſcerſnnal Differenc. =——_—— : 10 


wk 17 leaves the Oblique Deſce jn — 77 57 


Problem 
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| p R OBLEM XVIII. 


To compute the Longitade of 6 any Star from the 
Vernal Equines, and he Latitude from he Eclip- 


„ the Globe. 

= fall the Circle of Latitude by the given Star, 
even to -the Ecliptick, from the North Pole if the 
Star be Northern, but from the South Pole if it 
Southern : This Circle of Latitude will determine 
the Longitude of the Star in the Ecliptick; but by 
the Arch intercepted between the Star and the . 
cliptick, the Latitude of it is determined. 


2. By Trigonometry, from bavine gi ven. 


1. The greateſt Obliquity of the Ecliptick. 
2. The ——— of the Star. 
3. The right Aſcenſion of the i Ee. 


In Fig. 140 the Meridian isa bt k, the Equator | 


glf, its Pole d: The Ecliprick al c, its Pole b; 
the point of 1 the Vernal Equinox 1, the Circle of De: 
tlination d i e, the Circle of Latitude b i h; the 
Star given i, which for Example is the Goat $ tar: 


IWhoſe e 211 1 + 2 
The rage 4 cenſion £ l———-—72 : 11 
Joo He the angle at al g23 : 2 
and e being rig br Angles go 3 00 
And we are to ſeek the Longitude of this Star / E 
and its Latitude þ i. 2 
1. Seek the Arch ne, in ti manner : 
ths the the Ta Sorhe he Aſcen 20 Th 
* Gs, A fine eight emf ſonlg7 
190000 
75 the Tart FE 2 ne 1428 7 is 22 : 39 


h 2 2. Froſfi 
1 


- E £ 
** - l 
- "3 
- 
N 
= 
* F 
* 
. 
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2. From this is found alſo the Arch # z. 
If, 10-461, from t e the Peclination of the Star 


North — 3 45” 5 32 
You take ateay the Arch found n e22 * 39 
There remains | Nm n— " —23 : 82 


3. The Angle In e is found in this manner. 
As the Sine of the , To the Sine of the Angle e In, 23* : 31 


fiden e, 229 : 30'/ 39902 
38268 To the Sign of the Angle lne 
So the Sine le of 99266 
@right Aſcen. 72: 11 c 
95204 


Whoſe Arch is 839 : 4“, that is the Angle l ne. : 
4. From this Angle / z e being given, is alſo gi- 
ven the Angle h z i, oppoſite by the Croſs, to wit, 
equal in like manner to 83* : 4. | 
5. The Side »/is found in this manner. 
As the Sign of the An- I To the Sine of the Side ne 229 : 30 


gle e In 230: 31 38 268 

39902 To the Sine of the Side nl. 
So the Sine of the An- 1 
gle ne I-90: oo | 


LOc000 | 
Which is found to be 73: 3. HEY 
6. From thele ariſes the Latitude of the Star 
h i, by Saying. 
As the Sizn ig the Sine of the Side i n 230: 27 


Angle 1h n go? 39126 
To the Sine of the Latitude h i 
| 38739 


100000 
Sn the Sign of the 
Angle hui 83 4 


59258 , 
ich Latitude is 22® 2 47 


£07” | 
7. Laſtly, from theſe is produced alſo the 
_ Longitude of the Star, in this manner. 


As the Tung. of th. * e the Tang. h i of Catit. 220: 3) 
Angle hn 133? : 4 105000 42002 


þ 
U 
„ 


2 
— 


1 
| 
| 
| 


+". 20363: hoſe Arch is 29 : 56, which being added to 
"T1 the Sine of th de Side u |, 73% 33', makes the Longitude 
fide h n f the given Star h1 76“: 29 

3117 


Problem 
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PROBLEM xxx. 


From the right Aſcenſion of a Star given, to find 
the Degrees of the Ecliptict, rogether with the 
Riſing, Setting, and its paſſing through the Mid 


1. In the Globe. . 


Roll down the Star to the right Horizon, either 
Oriental or Occidental, or alſo ro the Meridian of 
any Sphere; the Section of the Ecliptick and of the 
Horizon, or of the Meridian, will ſhew the Degree 
of the Ecliptick ſought. 8 | 


2. By the. Tables. 


With the right Aſcenſion given of any Star, make 
an Areal entrance in the Table of right Aſcenſions, 
and find the Degree and Sign of the Ecliptick in the 
Side and Front agreeing to the ſame; uſing the part 
r alfo in the Inquiry of it, when there is 

need, after the manner ſhewn before in Problem the 
22, at Page 461. X * 


PROBLEM XXX. 


From the Oblique Aſcenſion of any Star given, 
to find the Degrees of the Ecliptick, together with 
the Riſing, or alſo Setting. 


1. In tne Globe. 


Move forward the Star to the Oblique Horizon, 
either Oriental or Occidental, the Degree will ap- 
pear in the Ecliptick, there indeed together with 
the ariſing, but here * 8 the ſetting. 5 

: 3 hs 


- 


- 
© „ 
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2. In the Tables. <7 
1. Fr obraining the De, ree of the Eclipts ith 
ae with eree of the Ecligtich, w 


Diſpatch the Oblique Aſcenſion Ns Table 
of Oblique Aſcenfions of parts of dhe Kkliptick, 
it will the Degree of the Ecli — 
you work in the ſame manner as before in Problem 
22, uſing · alſo rhe part Proportional, if need be. 

2. But to obtain the Degree of the Ecliptick, to- 
gether with the Setting. 


Work according to, the Method ſhewn in Problem 
— 2 2 at Page 462. 


To wit, by raking the Oblique Deſenſor of the 


given Star. 


For Example. : 
- Of, ArCturus, EY is 


2 rom. this tate away 4 Semicircl —180 : o 

And there will be left-—— —0F5 : 38 

3. .Of this ſeek the degreeof the Ecliprick,, 5 

xi zogetber with it, which i 1·—.— 85 : 18 

5 you may have the oppoſite, add—180 : e. 
And you will produce —=265 : 

Or of Sagittat y —25: 10 

Setting together with Arcturus, where the Pole 

1 elevated 48”: 30 : 


235 38 


_ 1 ID 


Another Example. ba i 


5 0 - 
r. The Oblique Deſcenſion of the Dog Star is- —77 : $7 
2. Pe oppoſite Degree there being n > 

55 — — 257 : 57 


3. The degree of the E: liptick arifa mg together — 236 : 44 

4. That yon may have the oppoſite, tale away —180: 0 

2 And there will be left — — — 56 : 44 

c f x, the Degrees . -w : 44 
vi. Li taking away 39? the degrees of X * is left 269 ; 


Problem 


5 1 
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P'WOBLEM XXXI. 


25 cos _ bein in Ferven 7o 


"I ht 155 . being 6a 
one in Sg from Gan, 


it in 


— and the 2 found, ad join to the Meridian 


Circle. 
2. In the-ſame Meridian number alſo. the given 
Deine of the” Star, in pr 1 the E- 
towards the North Pole of the World, 


if the Declination of the Star be North; towards 
the South Pole, if it be South; che term 'or end of 
this Numeration in the a. lobe, will ſhew 
dhe uy: place of the ſear: 


2. From the Agimuah bei A, or the diftance 
of it from fob x and Far gp? aud: of the 


ame. 

1. The Globe being accommodated to the Politi- 
on of the Heavens, apd fo in it remaining. 
2. Seek the > obſerved in the Horizon of 
the Globe, and adjoin to ir the Quadrant depending 
from its Vertical point. 
+ In the Degrees of this Quadrant ſeek the Alri- 

e obſerved ot the Star, and the Term of this Nu- 

meration will ſhew in the Superficie of the Globe, 
the place of the Star which you ſeek. 


PROBLEM XXXII. 


ny Star being given, to know in what time bis 
c FAN that un, ariſing * N with the 1 
1. 


D EEE Ron 08 EF Lan oh RAR Et 


— - — — ” » 2 _ — - - 
— 3 — — E 1 8 4 SJ 
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1. Ir the Globe. 
Stay the giyen Star at the Oriental — 


the degr Ie ariſing a 
what is is 1 he you conſider in what e the 


Sun enters that 
OY the 


d "Frop he Tables of Aan 
1. Seek the Right or Coe e Aſcenſion 
ven Star 


2. By it ing uire the degfee, EE 
ſing; il the thine which the Sun Ra 
the Star ariſes Coſmically. | 
5 
The Aſcenſion 
TEES abt 


IWhich the Sun occupies about the 1 
then therefore Ax&turus riſes Coſmics * 


PROBLEM XXX. 


A Stay being 22 to know mhas time "bs 67 
mic al, that is, ers with Sus ri 
2 In the Globe. TS | 
More the Star to the Occidental Horizon, and 
over againf ir conſider the Oriental Degree of the 


Ecliprick, which when the Sun occu ies, the "y 
{ers Colmically. * WY 
1. Aſſume the Deſcenſion of the given Star, and 
it the Degree of the Eclipt ick, together with ir 
2. When the Sun enters the o poſite Degree of 
this, the ger Star ſets Colmically. 


2. By the Deſcenſion. 
7 Pero 


Example. : 
The Deſcenſior on of Arcturus i IS—— 235 38 
And together with. it ſets $———25 : 18 


. The oppoſute De, rec is U—==; 18 
* Tuer gere 


ax f this Degree * obtained by the Sun, 
about the 6 day of June, Arcturus ſets Coſmically. 


PROBLEM XXXIV. 


e ae n tis 
bs, riſing at San ſetting. 
SE Re Oman ada wn 
Bring e given Star to the Oriental Horizon, and 
then conſidęt the Degree poſited in the Welt, that 
is it, which when the Sun coples, the Star ariſes 


drone 
1. Seck A. hr gs K. ari _ 
| ee of the tic with 
the Aſcenſion of the Star. J 
2. When che Sun enters into the oppolire of this, 
= * riſes N — 
i Example. Wy 
The A/c lernte of Arcturus 1183 
Me degree of the Ecliptic tagetber ariſi ing = . 
The oppoſite yr =——— 


Therefore in this the Sun being about . 14 — 5 


March, Arcturus riſes with Acronical ing. 
P R OB L E M XXXV. 


4 Star being given, to know when 5 
cal, or fets together with Sun ſetting. 
1. In the Globe. | 

Place the Star in the Weſtern Horizon; and the 
Degree of the Ecliptick touching the Wel tern Hori- 
zon in like manner, will ſhew both the place of the 
Sun, and the _ in which the Star ſets Acronically. 

the Deſcenſion. 
Seek the Deſc: on of the given Star, and the de- 


es of the Eclipgick, ſetting together. 


la 
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In the time I IO GON W 
that Star W | Degree, 


Exanpt. I. 


Arcturus is 2 
| + aig Print of — 3 5: : 
Which the Sun enters abeuf tha 7 2 
in which time Arcturus ſets Acronctl with 1 


dam. ſetting. 
"PROBLEM VI. 
To inquire the Heliacal Riſing d Setting of 


Har. | 
* 1. Ir the Gin 


Place the Star, whoſe Heliacal riſing or ſenting 
you defire to know, in the Eaſtern Horizon, if you 
ſeek the riſing; in the Weſtern if you ſeek the ſet 
ting; and note the Degree of the Edliprick, together 
with the riſing or ſetting; 

2. Aﬀume ſo many Degrees in the Vertical Circle 
beneath the — as the Term of Apparinion of 
that Star requires. 

2. Apply the end of Numeration to the Eclipeick 

Then what Degree of the Ecliptick the Vertical 
Circle ſhews, in that poſition of the Globe; that is 
ir which the Syn ought to poſſeſs, that the given 
Star may ariſe or ſet Hrliacally. © © 

*2. By Irigonometricat. Calculation, 

I. For finding the Heltacal Riſing, for ple 
of Arilurys, Fig. 157. 

In this Scheme let there be gives. 

I. The be of the Ecliptick D arifing together with Au- 
vu, E, — 22 24 of =: * of — 1829: 24 
2. The Oblique Aſcenſion of this —— 183 : 20 


3. From which take away a Quadrant 90 : 00 
There is left the right Aſcenſion of Mid Heaven 93 : 20 


4. To this anſwers the culminate degree of the Eclipt. 3 ©. 
S, V+ 


i 


pi: oe ln Pres 37 
„ bet ER IT 


Which Taked from the Degree cont TT | oe 
* on, 
m—— : 26 

t being ad tothe Shine ofthe Equa.4 2: 26 

"1 Ga 9 8 


5 . Pol been Sauth, then you * 


— 4 — 983 gy? as 
> * 92 0 $66 


the Arch ep 20 
9 . 

So the ze of the 70 the Sign of the Pen at D. 

bone 36 N 9 * 6 


90 2˖ 
Which Angle i is 64 4 
Moreover. becau _ e the Tos, 15 f appearance of Ar- 
——_— 1. Magnitude ir 129, 
Thetefore again I fay. 
As the Sine of the To 1 Sine .of 1 Side 1 12 


Angle —_—_ : 57 5 you 

So the — Sine . the Sine of the Arch ſought 
or Radius 90: O ͤÜU 22951 

I cooco | 


Which Arch 5 * 16˙, in numbring from the 
Degrees of the 28 rogether from the Eaſt, to 
wit, fon 2%: 2 , that is, from the Sun in 


15* , Ar rite Hehacally, and iſſues 
out Has the Nun Beans, hat ariſing in the Morning 
it may-be ſeen. © 


2. For the finding the Heliacal ſetting of the ſame 
Artturus. 


1. The Degree of the Eeliptick ſetting cogether is 
12 „ 
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4 * 4 
inaue Deſcenſion 
, ae 


r 


Aſcenſion LA. of Mid Heaven 1 TE 3 


it Xs DCIS vor 0 8 
Theſe being given, I fſay. | 
As the Sine of Jo the whole Sine 9 
the Arch 38*: © 1000 


Sotho fine? of the J To the Siem of the Angle foe 
* 4 14974. n 33 


46536 
As the Sine of the To 12 of the Side 125 
2 17˙ 20791 | 
So FR, els Sine ) To the Sine of the Arch fabi 
gr Radius 90: 6 37889 . 
190900 | 


Which will be found 22* : 16, e back 
2 25 : 18 of 2, ſetting tog together. ' 

That is, the Sun being in 3“: 2 of 2: Ardturus 
in the Evening is involved or hid by its Beams, that 
after Sun ſetting, tis not any more ſeen. 


PROBLEM XXXVII. 


To find the diſtance of two Meridians. 
There are divers ways, but the moſt uſed and the 
moſt certain, is that "which is ſought from Lunar 
Eclipſes; for Lunar Eclipſes in one and the fame 


Moment of a Natural Day, abſolutgly . 
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is h by all Mew in the fame gun above 


whoſe Horizon the Moon is riſen; altho* that Mo- 
ment of time in another place obtains another Nu- 
m—_— wow . 2 more Eaſtern 
Inhabitants, leer among the ern, 8 to 
the diverſity of Meridians. For Example, the 

ridian in one place at the Hour 12, will be in ano- 
ther at 11, before Noon, or 1 after Noon. 

 —_— two Obſervators of Ecli ples in two 


_ compare their Obſervations, to wit, 
what — nc the day, or Moment of Hour, they 


beheld the beginning, * middle or the end of eve- 


Eclipſe; from this difference of number of Time, 
2 of Meridians may be found, if the 
— Time be converted into Degrees and 


Minutes of a great Circle, by the Method ſhewn 


before in the Chronglogical Part. For Example, 


Fig. 188. 


An Eclipſe of the Moon, which Prolomy witneſſes 


was ſeen at Arbela of the AM yrians, the 5th. Hour 


er Sun ſet, Bos Condon ena the ſecond 
ur ies Sun Si: ; The Fn 1 of 
7 2 5 2 which _— 45 13 1 7 
ore by ſo egrees diſtant is the Meridian 
— enians, and the Aran of Aſſyria: And 
= thoſe al ve — leſs from the * 
which are more 25 than thoſe more Eaſt, it follows 
2 Carthagena ze 45 more Weſt thun Arbela of 
yria. 
From this diverſity of Meridians, it happened that 
the Lufitanians, who Sailed about the-whole Orb to- 
wards the Weſt, returning home even as by the Eaſt, 
they numbre the Fourth of the Week, which the 
Lufitanians that flaid at home, numbred the Fifth. 
For the Meridian of theſe remained in its . 


but the Meridian of thoſe Sailing in the Shi 5 rom 
whence they numbred 1 Nin of the Natural 


> Day 7 
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Day, they carried about as it were. wuth thragſtiber; 
ar rather oftentimes paſſed under one and another 
Meridian : And in it they had the Sun daily arriving 
more /iowecr to the Meridian of the Ship, ual thee 
Moments of ſlowneſs conſtituted an whole day, whi 
becauſe they could not number them; as it were — 
luſt them. It wonld happen contraritiſe to then, 
who ſhould Sail towards the Eaſt, and retura home 
— the Ve 7 ; for by meeting with the Sun by tbe 'way, 

d at laſt on 4,98 day more thas tboſe io 
uh they — — EY 


"Theoretical Problems. 


. The proper motion of the Stars may be found 
y ways, to Wit, I. Eicher from beholding of 
hens bs the Han by the uſe of fit Inſtruments. 
2. Or from the Theories of the Heavenly Motions, 
in ſome meaſure made ſubject to our Eyes. 3. Or 
from perpetual Aftronamical Tables, accommadatel 
to all the Forms of Theories. 4. Or from Yearly 
Almanacks, ſhewing the Heavenly Motions to each 
day. of che whole Year. We with Artiſts, furniſh- 
ed with divers Inſtruments, ſhall uſe the firſt way, 
leaving the laſt to the Writers of Epbemerides, who 
for the moſt part premiſe the Method of uſing the 
me; concerning the Second and Third we hall 
only touch upon ſome few things. 
or ſince the Forms of Theories at this time ate 
almoſt ſo many as there are Artiſts in Aſtronony, 
and although we would chooſe fome one from the 
many, yet many Tables are required, which neither 
me "on pendium of A 8 will admit, nor the 
— of the Srudious, who make Naſt to ſu- 
— r Fade as they call them; that notwirk- 
ing conce theſe excellent things, (in which 
not only the iv — of Cod, but l the 3 
mirable 
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— SagaCiHy' 22 God hath inſtilled i into Hu- 
. 

ma ve ſome, although but a 
mall Taſt, dog; Gig ſhew Examples in the Theory 
of the Sun, to which we ſhall premiſe ſome things 
concerning the Fixed Stats: But the mo- 
tion of the Moon, we ſhall not ſubjoin any bur 
pular or common things, to the end that the Wiſ⸗ 
dom of the Studious in this Lunar Aſtron 1 * 


exceeded, as ſometimes tis wont to be 4e T. 
Men and Maid Servants of Husbandmen, 


tentimes exerciſing concerning the e Naan in 182 day 
time, and obſerving the — 4 of the Moon. 


5 
Ofvbe proper motion of the Fixed Stars, 8c: | 
PROBLEM LI. g 


To compute the proper motion of the Fixed Stars 
zo any given time. 


To this two is are heceſſary. 
I. | The Epocha or Radix, as well of the time, as ® 


ww +» RH _ x of af... Lan 


5 

0 5 — of the proper motion of the Fixed Stars, 
e of them from the beginning of 7 . 
Il 2 their als from the Ecliptick. | 


2. The Table of their motion, from which may 
be known how much they are diſtant ar all rimes 
from this Epocha. 

You will find both theſe at the end of this our 
_ in adjoined Tables: And 1. a Catalogue 
2 — Fixed Stars, according to the 
Opinion of of Tyeho, with their Longitude, reduced 
to the beginning of the Proleprick Fulian Period. 

2. A Table of Motion, as well of each as of col- 
lected Years; from whence you may know how the 
Longitude 


Fr © >. = © v” 0 


— 
c 
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Longitude of any Star contained in our Caral 
2 deem ul w any pre rig: ſe will be 
ſufficient to ſhew by one Example only. 


Lets ſeek what was the Longitude of Arcturus in 
the compleat Tear of the Chriſtian Epocha=—1650. 
That you may have the Tear of the Julian © 
| Period, ad — POT iy cy 13 


And they make Tears 6363 


Then in our Catalogue of Fixed Stars you will find. 
Sie: 0 * "4 

The Radix of this Star of Arturus 3 „ Y 
7 

3 


— 


In the following Table you will find 
"CSS 2 2 2W- 2 0- $6 

. + ,-.""Y yoo/©0 2. 0g: 1$._ +3: © 

Fer the Tears 66 o : eo. 2 9 2 


'3lo : oo : 02 : 


The Sum of theſe u- : 19 : 21 : 30 


Which was the Longitude of Arcturus, in the Tear 
of the Chriſtian Epocha 1650, compleat. 


NOTE. 


1. If ſome Year be not found in the Table, it muſt 
be gathered by parts. For Example, the Year 56, 
by 40 and 16. | 

2. As often as the Sum ariſes beyond a Circle, you 
* away an whole Circle, that is, 12 Signs 
or 360. | 

3- The Latitudes of the Stars, are appointed to 
remain the ſame always: Therefore they want not 
Reduction to other Times, but as they are * 
in the Catalogue, ſo they are wont to be for 


ww 


any Time. | 
4. The præceſſion of the 14 if you would 
Longitude of the 


know it to any time, ſeek 
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bright Ster in the Vertex, or top of the head of v: 
Whence Tycho numbers the Equinoctial Point; for 
by how much this is diſtant from o Y, by fo much 
þ the Preceſin of the Equinoxes judged 
Of the proper Motion of the Sun. 
To find the mean, - middle, or equal Motions of the 
Longitude, and of the Apogæon of the Sun, 10 any 


given time. TI CRISIS JI 
For to do this, we have reduced rhe Rudolphine 
Tables to the beginning of the Fulian Period, and 
indeed to the Midnight preceeding the Calends of 
January, under the Meridian of T ub:ng. | 
if ro any one, there be offered the fime 
numbred from the Chriftian Epocha, he muſt add 
firſt to this Epocha 4713 Years. 83 
But if che time be given before the Chriſtian Epo- 
cha, that muſt be raken from the Tears 4714, that 


the time of the Julian Period may be had, accom- 


modated to our Tables. | hey 4A 
- Which being done,” enter the Tables of the middle 
or mean motions of the Sun, Kc... 
1. Prefix the Epocha of the Falian Period. 
2. Take the Years, Months and Days ot rhe gi- 
ven time, not current, but compleat; and to them 
(by collecting the parts, if the whole be nat extant 
in the Tables) as alſo to the Hours and Minutes, 
aſcribe their motion taken from the Tables — 
3. Notwithſtanding in the Bijext:/e Year, you 
muſt take the day current for the compleat: rhe Sum 
collected, (caſting away the whole Circles) will 
fhew the equal motion of the Sun to the giv. time. 
Example. — 
Lets ſeek the middle motion of Longitude and Ar 


itz Of ASTRONOMT. Book Ut. 
pogzon, to the Tear ods" "complees of the Chriſtian Epo- 


cha — — 1650. 
Which is of t the je Julian Period ——5363. 


Ending at Midnight of the Cale nds of Ja- dy 651 
nuary, of the Tear anteceeding 5 


+ Mot. Long. © . of _— © 
14 Sie. 0 N we 


Radix of Julian Period” . 1:59: 1 5 TE 397 34 
I 


Tears compleat, 6000' 1: 15.: 203.24 3: 12: + + 4 
300 "79 I LT 

60] 27:14 1 I 1 

: 1 16: b 3 * 

The Sum 9 : 20 : 19:24] 3: 6: 35: 30 


NOTE 
The Hours and Minutes in computing the motion 
of Apogzon, are neglecled, by reaſon of their ſmall- 


neſs: 


PROBLEM UL 
From the middle motion of. Longitude and Apo: 
gzon of the Sun given, to find the Tearly Ano- 


maly of the ſame. 
SIS. 


From the motion of Longitude, for Example, 9: : 19 2 24 
Take away the 3 31 3s : 5 
It leaves the Anomal 6213243: 


If the motion of L Longitude happen to be the ler 
fer, ſo that the motion of Apagæon cannot be ſubtra- 
Qed from i it, you muſt add to the motion of Longy 
tude, an whole Circle, or 12 Signs. 


PROBLEM IV. 


To delineate the Theory of the Sun : To aL, 16 
Orbe or Circles are required. _ 


way of the Sun, divided Into 


_ meters, their 


7 9 72 3 

Ancompaſſing indeed 
Ving its Center di- 
ne Ecliptick, or of the 
World: which is found in this manner. 

1. In the Concentrick Orb or Ecliptick, aſſume 
a little beyond the beginning of Cancer, the point of 
Apogeon g, which at this time is converſant between 
6 and 15 ces of . 

2. From this,point of A pagæon, through the Center 
of the Ecliptick e, draw the Line of Apogeon, which 


is ge,. 5 
3. 1 this Line of Apagæon, from the Center of 
the World towards , aſſume the Line of Eccen- 
tricity e i, which according to the Opinion of Tycho 
Brabe, is eſteemed of parts 358400, of which the 
Eccentrick Semidiameter is 100000920, 
4. The Extream of this little Line z, is the Center, 
from vrhich is deſcribed the Eccentrick under the 
Ecliptick, incompaſſing the Center of the World, 
which in our Scheme is mz 7: 0 /- This then is the 
Theory of the Sun, by which, and by the Benefit of 
the middle motions of Longirude, of Apagæon, and 
of the Annual Anomaly; we may find at any time 
given, by the Canon of Sines, the true motion of 
the Sun, and the diſtance of it from the Earth, in 
the following manner. 

. 


PROBLEM. v. 


From the. middle motions of the Sun given, to find 


the true motions of the ſame by Trigonometry. 
liz 1. Proms 


nl h. Vi Its fear DltorishPpoblems .q 87: f 


oints, We.o Fi, 


1 


- 
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1. From the point of Apogeon g. number accord 
ing to the order of the Signs, the Annual Anomaly, 
to the end of the Lear 1650, found before, not ac. 
curately, but only near, which: is the Arch g f b, 
that is, of 6: 13“: 43: 54 

2. Through the end of Numeration, or the point 
b, from the Center e draw the right Line e h, which 
will be the Line of middle motion of the Sun. 

3. And from the Eccentrick Center z, draw 1 & 
parallel to e h, which in the point of Interſection 
of the Eccentrick , will ſhew the place of the Sun 
in the Eccentrick, and its middle motion under the 
Ecliprick in &. 6 | 

4. Through the point s, even as the Center of the 
Sun, from the Center of the World e, draw the 
right Line e s p, which will be the Line of true mo- 
tion of the Sun, ſhewing its true place under the 
Ecliptick in p. 2 

5. Then the Proſtaphæreſis, or the difference of 
the mean and true motion of the Sun, will be the 
Arch p b, or the Angle p e h, equal to which, are 
the Angles ps &, and 7 s e, as is known to Geome- 
tricians;z of which this latter z s e, is now to be 
found, from ſome things given and known, in this 
manner. f 
, In Triangles, by Proſtaphæreſis, z s e are known 
thus. 

1. The ſide is the Semidiameter of Eccentrical parts 10000 : 00 

2. The Eccentrical Side of the ſame part 3584: GO 

3. The Sum of theſe Side.! — 103584: 00 

4+ The difference of the ſame ——— — : o 


5. The Angle e i s equal to the Anzl: f e h, which is the exceſs of 
the Annual Anamoly abrve a Sqnici cle, 9 wit, os: 130: 43 : 54* 


6. The Sum of the o her Anzles ies, and13c, which are the com- 
plement of it to a Semicircle, or to to ri An:l's 5:15 : 15: 5 


7- The half of this Sum, which will be found==2 : 23: o8 : 3 
8. TheTangent of this balf hib may be cm ed T. 86 
ram the Tables of Sines, if hen want the ace. $ 830455 5 


Having 


part lll CRV. Io in ThearericalProblems.485 
Having theſe things, I ſay by the Golden Rule 


of Proportion. 
As the Sum of the Sides yTo the difference of them 
103584: 00 96416: co 
So the Tangent of half, To ihe Tangent 
830405 86 ) 772941: 87 
IF gns 6 


But the Arch of this Tangent is ——2: 22:37 ;41 
Towbich the aforeſaid balf being added? : 23 : c8: 03 
It makes the Angle ies 5:15:45:44 
And Subtrafted from the ſame ha,? 
25: 23:8: 3", leaves the Angle Siet 902: BEDS 
Which it the Proftaphereſis ſought. 


| Signs 
To the mean Anomaly —— —5: 13:43:54 
Add this Angle ——= ==o—— — 0 Fꝗ 020: 22 
It makes the true Anomaly —- ——6: 14:14:16 
Add the Motion of Apogzon—— 3: c6: 25 : 20 
It produces the true place of the Sung: 20:45: 45 


Briefer thus: 


* To the middle motion of Longitude 9: 20: 179 24 
Add the 3 — 20:22 
It produces the true place —9:20:49: 46 


We muſt note at the Sign 4 


This Proſtaphæreſis is not always added to the 
Annual Anomaly, or to the middle motion of Lon- 
gitude, but then only when the Line of true motion 
preceeds the Line of mean Morion : Qr when' the 


Ii 3 meu 
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mean Armnal Anomaly is greater chan a Semicircle, 
as in our Example: But when the-Line of widdle 
Motion preceeds or ſurmounts the Line of true Mo- 
tion, and this Line of true Motion follows the Line 
of middle Motion, according to the order of the 
Signs, which — in the former Semicircle, in 
which the Annual Anomaly is leſs than a Semicircle, 
then the N is not to be added, but to 
de taken away from the mean Annval Anomaly, or 
pw the mean motion of Longitude, that the true 
Motion may be produced. 8 
By this Artifice are made the Tables of Proſta- 
Phiereſis, from which, (fuppoſing you uſe the part 
Proportional) you may pick out the Proftaphereſis 
to each Degree or Scruple of the mean Anomaly : 
Which Tables of Proſtaphæreſis, although they are 
not perpetual, yet their Uſe continues a long time, 
until there be diſcovered ſome mutation in the Ec- 
cCentricity, or from other Celeſtial Cauſes, which, 
by teaſon of rhe extream ſlowneſs of this Mutation, 
cannot be made but after ſome Ages: The Table of 
this kind of Proſtaphereſis you may ſee at the latter 
end hereof | = — 


PROBLEM VI 


To find the diſtance of the Sun from the Center of 
the Earth, to any given time, according to this Theory. 
The diſtance of the Sun from the Farth'to a pro- 

ſed time, is in the aforeſaid Theory of the Sun, 
in the Angle s z e, the Side g e, which you may find, 
it you fay. "RIG 


As the Sine of th: Angle Ao the Side is the Eccentric Semidiameter 

1ct, 14*: 14'; 19” o 8 
24595. 12 

So the Sign of the 


Ein 137:45'+ 56" 
23738. 44 
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That is, of parts of which the Eccentric Semidiume- 
ter is aſſumed 100200. 00 L 
Which Eccentric Semidiameter, I ſhall now make 
of Semidiameters of the Earth, according to the O- 
pinion of -Tycho, 1166 : It will be eaſie to apply this 
diſtance to the Semidiameters of the Earth, in this 


As the Sine of the Angle To the Sid? s e, which is according to Tycho 
66 


ies 14* : n4* 2 29 1 he Side anche 11 
395. 12 To the Side ſaugbe s e, accordig to Tycho 
So the Sine of the angle 1221 — 
eis 13” : 43:36 
23738. 44 


PROBLEM VII. 
To find the time of Equinox, or the Suns Ingreſs 


into o v. 

1. Turn your Year given, into the Year of the 
Julian Period, by adding Years 4713 after the Chri- 
ſtian Epocha, or by Subtracting the Kgpocha betete 
the Chriſtian given back again, from The Years of 
the Fulian Period 4714. | 

2. Conſider whither the Year he B. xtile or 
Common, and if Common, how far tis from Biſſexti/e. 

3. Then to this Year, in the Table of Anticipati- 
on of the Equinox, chooſe a convenient Epocha or 
Radix, N to your Calculation, with a 
Line drawn under. | 

4. To this ſubjoin the Anticipations of the Equi- 
nox to each current Year given, being taken from 
the Table, which collect into one Sum, and Subtract 
it from the prefixt Epocha : The remainder will ſhew 
the day of the Equinox, together with the Hours 
and Minutes in which the Sun enters into 2 Y, by 
numbring from the Calends of Zarwary. 


Example I. 
The time of the Equinox is ſorght to the Tear of 
bi 4 Chriſtian 
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Chriſtian Epocha Biſſextile 1652 
The Tears of the Julian Peribd being added—47 11 
Makes the Tear of the Julian Period. 6365 
To which agrees the Epocha——— ——— 6365 


D. H. , | " 

Biſſextile Compleat 118 : 13 : $9 : 15 
And. they anticipate the Equinox | 2 oy 
Ee TT RE I. WI Þ 


17.628 2:144 2 6 
Treas 5 760 * It : 15 2 0 
7 _— 7 

The Sum of theſe 45 : 17 3 26 & | wat 


being ſubtraedfromt heſuperiorleaves63 : 20: 33 :-0 


Therefore the Equinox happens in the Year 1652, 
from the Calends of Fanuary, 69 Days Current, 
that is March 9, the Hours being numbred from 
Midnight 20, or 8 Afternoon, and 33.  * 


PROBLEM vm 


Groen the Ingreſs of the Sun into o Y, To find 
the time of the Suns Ingreſs into the other Signs. 
Io the time of the Ingreſs of the Sun into o V, 
from Midnight Current, add from the Table of In- 
greſs of the Sun in the other Signs, the Days, Hours 
and Minutes aſcribed to each Sign; and you will 
produce the Current day from Midnight, together 
with the Hours and Minutes, in which the Sun en- 
ters the given Sign. | 


Example. 
In the Teer 1652 O enters © , the current day 
from the Calends of January 69D. : 2cH. : 33' : O 
hen doth ſhe enter o wo? 5 
Anſwer, add from the Table276 : 5 : 40 : 27 
They make— „ 23-237 


That is, © enters o , 346 days from the Ca- 
lends of January, that is, December the 11th. the 


ſecond 


part III. Ch. V. Its ſe in I heoreticel Problems. 389 
ſecond Hour, and 13 Minutes and 37 after Mid- 
_ It 
Of the proper Motion of the Moon. 
PROBLEM IX. 


To judge from bebolding the Moon, whether it he 
New or Full Moon, or in what Quarter. 

1. If the Light of the Moon be not deformed by 
any Gap or Bunch, but that the Superficie ſhews 
perfect Circular as to Sight, and ſhe ſhine all Night 
with her whole Orb, tis ſaid to be Full Moon. 
2. If ſhe ſhine with an halt Body, as if cut in the 
middle, the is poſited in a Quadrature, of which, in 
the firſt ſhe increaſes, in the other ſhe decreaſes. 


3. If the Moon be hid, and appear not any where 
in the whole Heaven, either 'tis {aid ro be New 


Moon, or nigh to be, or hath been. 
PROBLEM X. 


To know whether the Moon increaſes or decreaſes. 

1. Confider the part of the Moon in which *ris 
deficient, if it looks rowards the Eaſt, ſhe increaſes 
it to the Weſt, ſhe decreaſes. 

2. The Moon being beheld in the Evening of the 
day, increaſes; being ſeen in the Morning of the 
day, ſhe decreaſes. 

2. Country Men ſay, if the fide of the Mone 
deficient towards the Left Hand, tis an Argumen: F 
the Moons increaſing; if to the Right Hand, of d- 
creafing : Hence the little Verſe. 

Dextera decreſcit, ſe1 creſcit Luna Siniſtr 2. 
PROBLEM XI. 


To know when the Moon riſes above the H. 
or ſets beneath the fame. —.— 
1. The Moon being New, ſhe ariſes and ſets vĩ n 
T | 
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2. At Full, ſhe ariſes at Sun ſetting, and ſets at 
_ A beg increaſe, when ſh 

3. She to grow or W e ari. 
ſes after Sun riſing, and ſets after Sun { 

4. Beginning to decreaſe, ſhe 'riſes a little after 
Sun ſetting, and ſets before its riſing. 

5. In the firſt Square increafing, ſhe riſes at Noon 
time, and ſets at Midnight. | 

6. In the ſecond Square decreafing, ſhe riſes at 
Midnight, and ſets at Noon time. 

Hence the other times of riſing may be gathered, 
if you remember that the ri the Moon in each 
day is 48, or one Hour, {lower or later, leſs by a 
fifth part of an Hour, that is 12 Minutes. 


PROBLEM MI. 


To know which part of the Night the Moon ſhines. 
1. The Moon increafing, in the firſt place, ſhe 
begins to ſhine rhe former part of the Night, alſo 
after the Square, ſhe begins to ſhine the latter part 


of the Night. | 

2. firft of all, ſhe leaves off to ſhine 
the fore part of the Night, alſo ſhe 
leaves off ſhining the latter part of the Night. 


PROBLEM NIL 


To know the Age of the Moon by the Epatls and 
Golden Number. | 

How the Golden Number is ſought, and from it, 

the Epacts are found, is ſhewn before, and ſhall alſo 
be Taught hereafter in Chronological Problems. 
And that you may acquire the Moons Age. 

1. Write the Epact of the given Year, which for 

Fxample, ſuppoſe 1652, whoſe Epact is 2 9. 

2. To 


Nn Yeowſe — 191 


2. To this 755 2 day of the Month given, 

for Example, 7 —— 20. 

3. Add alſo the ö of the Months from 
Merch, being numbred incluſive, viz.— 5. 
4. The —— — — 54. 

5. Hence take away the — 
There remains 25. 
Jo wit, the Age of the Moon at the given day. 


| PROBLEM NV. 


From the Age of the Moon given, to find by Popu- 
lar Calculation, how long the * ſhines every Night. 


I. Caſe. 


If the Age of the Moon be under 15 


1. Multi wh e of the Moon by 
2. The 1 0 by . — 


| The —— —— Hours and Mi- 
e nutes the Moon will ſhine chat Night. 


rt E xample. 


"How long ſhone the Moon the 2. of July 1652? 
Bl The Age of the Moon 5 
The Quadruple of it — mmm} 
Which divided by 5 mates — 563. 
That is, 6 Hours and 24 Minutes. 


II. Cafe, 


If the Age ef the Moon be hs 15. 
it, 1. Double the Exceſs, whereby che Age of the 
o Moon exceeds 15 
2. Subtract 5 Double from the Age of rhe Moon. 
3. Multiply the remainder by 4. 
for 4. Divide che Product by 5, and che Quotient 
29. ive that you ſeek. 
To Example, 


— 


_ — —H: 
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Example, 


The exceſs above 15, is — — — 10. 
The double of this ͤ!L.!-iuä.ü 0, 
Subtralted from the age 7 the Moon, leaves ——, 
This reſidue multiplyed by 4, Is —— 20 


Which diviled by 5, makes 4 
So many Hours the Moon ſhines the 20. of July of. 
ter Midnight. 
77 See Fig. 190: Wherein more briefly thus. 

/ In the ſaid Scheme, ſeek in the ſecond Circle, the 
Age of the Moon at the day ons, 2 you will fn 
in the Third Circle the Hours, in the Mi. 
nutes, in which the Moon will enlighten the Night 

of that day. | | 


PROBLEM XV. 


To find the mean times of the New M ar the 
mean time of the Conjunttion of the Sun and Moor of 
any given Month. | | 


For even as the Mitions of the other Planets, are ſome true of mn 
but others are mean, or middle and equal ; ſo alſo the Lunr 


equal, 

f unions i but chiefly the Conjun#i 
EEE ISS 
are tree. 

A middle or mean Conjundion, is when the Lines 
of mean Motions of the Sun and the Moon; but 
the True, when the Lines of the true Morions meet 
in the ſame place of the Zodiack. 


So *ris a mean Oppoſition, when the Lines of mean 

. Motions of the Sun and the Moon, conſiſt in oppo- 

ſite places of the Zodiack: But tis a True Oppolt 

tion, whea the Linesof true Motions, conſiſt in oppo- 
fire places of the Zodiac. 

I be ſpace 7 time in which the Onjunclions and 

Oppaſuiont of the True, may be before or after the 


leans. 


The 20. of July 165 2, the age of the Moon is—— 2, 


na a. th, Su. RR. ak. Dr 
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Means, extends it ſelf to 13 or 14 Hours: But the 
reateft diſtance of the True and Mean Quadratures” 

be 18 or 19 Hours, if we follow the Prutenick 
Tables, therefore to collect the mean or middle of 


New Moon: 


1. Change your given Year into the Year of the 
Julian Period. 
2. Enter the Table of Lunations with com * 


Moon of your propoſed Month. 
I. Example. 


1 17 the mean Le of New Moon of 
the Mont anuary, f: 4 1653, of the Tu- 
lian Period 3 7 1 * 


From the Table of Lunations or Changes. 


| D. Ho. Mi. Sec. 
die ont the Radi 19 n 

n 

| 300 16 : 12: oz3 : 20 

For the Tears 5 r en 

3124 : Is : 12 2: 46 

| The Sum 69 : 19 : 21 : os 

III. Syrgies next greater are 88 : 14: 12 10 
From which SubduFJ the Sum sg : 17 : 21 <- c6 

It leave ——18 20 : 1 604 


The New Moon of January, in the Tear 1553. 
But from the firſt New Moon, given at the begin- 
ning of the Tear, ll the uber Aeli of the © and 

| | © 
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2 be callefed through the whole Tear, if you. 


D. Ho. - * 2 
To the firfl New Moon, being 18 20 : 31 © 4 
For t 2 1 {MN 7 
For the firſt Square U 4 4-4 : Or 
For the Triangle 7er AL : 1 : 41 
Fer Full Moon 12 7 18 2 OS 
From Ful. Moon fon Triang-A 19 i 18 * — 2 032 
Far the ſecond Square Q 22 e oF: © 33 02 
For Sextile 24 : 14 36.42 
+ For the other New Mim G 29 13 44 * 3 


Another Example. 


what day the New Moon beppened in A 1633. 
2 Of the Julian n 


1 
The Radix ——9 1 30 25 


in 
| goo | 16 12 03 29, 
Tears 60 | 03 207 2 12 e © 
"6s WY X WS It / a9 Wy | 

Of the ſingle Chat of July os :06 + 51 + 304 __ 
* 76 1 00 2 12 7 44 
We next greater III. Syzgres 83 4 RA: EA. 
Hence take the 8 Se ., YZ MAS 
2 18 * 1 : $9 s 26 
444 3 ? 23 £2 03 

And you'U produce the next fall on 2 „ 


PROBLEM XVI. 


Given ſome New Moon or Full Moon, ts 
know n laber will be Eclipſed. 


I. To BI time of New Moon or Full Mon, found 


by whe foregaiag Problem, inquire rem the TR 


le, 


* 
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the motion of | Anomaly, or of the reaſon of the 
Moons Latitude. 

2. From this Anomaly of Latitude, Prolomy hath 
aſſigned the followi _..- 


1. An Eclipſe of the Moor may happen. 


Sig. : 


+ If the Anomaly * 14 „ al 
about. U T of the Latitade : 2:3 


of the Moon in & if f above Ins; ba 7 
About > te middle ormennis © beneath o * 4 : 1 


2. An Eclipſe of the Sun may happen. 


hs 
IftkeAnomaly of the wands 20 40 
About ade Moon A... ay 1 4 18 38 
35 7 38: 2 6 
about U { lo G the middle Pe 5 + 9 + 20 
For better underſtanding, conſider Fig. 191 
in which CD E zs the diacke GKIL 15 Orbit 
of the Sun, interſecting the Lunar way, which G F 
H. heros, in G and I: And G is the Node aſcend- 
ing, or the Head of the Dragon; I the Node deſcend- 
ing, or the Tail of the Dragon. 
Therefore fince no Eclipſes of the Lights of the 
Sun and Moon can happen, unleſs theſe Luminaries 
are united or oppoſite, either in theſe Nodes, or 


. the diſcovery of which is, if the Ano- 
= of Latitude of the Moop, (which Pralomy in- 

begins from the North Limit E, but we from 
the aſcending Node G) be terminated either in thoſe 
Nodes, or gh them: The reaſon of the given Rules 
is manifeſt. 


Example I. 


In the Tear 1652 happened a Full Moon, the 14. 
of March Current, 19 Hours from Midnight, or 7 
Uours after Noon, and 8 Minutes and 30 . 


1 he 
90 k ; at. 
* 3501 


The motion of the Sun at this time is 2: 49 21 5 
The motion of Longitude of © — 2: 49 : 21 & 
The Anomaly of © Latitude 5856. 2 : 35 

And becaufe it exceeds —5 : 14 :.48 : 
Hence I gather. that the Eclipſe of C will be De 8. 
Another Example. 
The fame Year happened the mean New Moon, the 
29. of March Current, 13 Hours from 3 Þt, or 
1H; 30“: 31“ after Noon. 
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TheSuns motion at that time iso: 17 : 8 $33 
The Moons motion —0: I7 : 22: 34 
The Anomaly of Latitude 0: 8 . : 43 
And becauſe it is beneath——0 : 20: 40: co 


Junderſtand the Eclipſe of the * wil be about N. 
There are alſo other ways of knowing: Eclipſcs 
happening ar New 123 Fiul7 Moon, but becauſe 


this of Prolomeys is the moſt ſimple and eaſie, we 
have preſcribed ir to Learners in this place, which 
ocherways, ſome as more exact. 


— 


- II. 
Chronological Problems. 


Of A ſtronomical Time. 


PROBLEM I. 


From the Suns place known, to find the Diurnal 


and Nocturnal Arches of the Sas, and from theſe, the 
tength of the Artificial Day and Night. 


1. From 
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1. From the Globe or Material Sphear. 


* 

. 1. The Globe or Sphear being elevated ſo much 
25 the Latitude of your Place, or the Altitude of 
the Pole requires. . 

1 2. The of the Sun being known, the 


— will be known; as alſo the A ſcenſion of 
the oppoſite Degree. | 
3. Subrraft that from this, a Circle or 360* be- 
ing added if need be, and it will leave the Diurnal 
Arch; the Complement of which to a Circle, will 
be the Nocturnal Arch. 

4- Theſe divided by 15, the Times or Degrees of 
the Equator, will ſhew in the Quotient, the Quan- 
tity of the Day or Night numbred in Hours. 


5 2. From the Tables of oblique Aſcenſions of your 
ſe Place. 
2 | 
h 1, From theſe, find the Aſcenſion of the Degree 
of the Place, as alſo of the oppoſite Degree. \ 
2. With theſe operate as was ſaid but now. 


Example I. 


Sought, what is the Length sf the Day, the Sun be- 
ing in © & the 10of June? 
1. The oppoſite Degree is © Vp, whoſe Aſcenſion 2997: 297 
rip rg 2572 _ will leave— a , 70. 
— df the Sun 2 M. Sa: 
2. Which being changed into Hours and Minutes, is —15 : 53: 52 


Example II. 
7 The is the Length of the Day, the Sun being in 
a The oppoſite Degree is o S. its Aſcenſion 50 31 | 
| 4 Circle being added, they make =————4 31. 
r K k The 


- ——_— = 
* — 


— — 
— * 


Wm 


— SRI. 
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The Aſcenſion of o VS . ——% 29. 
8 
* 0 
Hours and Minutes, is 7 8 : 4 : of 


3. By the Aſcenſional Difference. 


I. The Aſcenſional Diff. between the right 
and oblique Aſcenſion of the Sun, in Northem 
Signs, add to 90%, or a Quadrant of the Equator: 
In Southern, take it away from the ſame; tha 
which is produced or left, is the Semi-diurnal Arch 

Which being made known, and turned into Hour 
and Minutes, jhews the Length of the Day. 


Example. 
The Aſcenſional Difference of o &5 a Northern Sign, is 29“: 29. 
Add a Quadrant — 99  : 0 
It makes — — — — 119 : 29. 
The double of this i — 238 38. 


Which makes Hears 15, Minuzes $$, Seconds 32. 


2. The Aſcenfional Difference of © Vp a Southern Sign, is 29® : 29, 
Which taken from 90 leaves — 60 3. 
The double of which is — 121 2 02. 


Which makes Hours 8, Minutes 4, Seconds 8. 
| NOTE. 


1. As the Complement of the Diurnal Arch to 
_ CONN, is the r : ws Com- 
plement of the Length to 24 Hours, 15 
the Length of the next Night. ENT TY 

2. If the Diurnal Arch, or the Day of any Str 


be ſought, or the Time in which tis converſant . 
bove the Horizon. 


1. Aſſume the oblique Deſcenſion of the ſame, fir Ex- 
ample, of Arfurus, whic "8." rear ws 2 9. 30. 
2. To this add « Semi · circle 190 000. 


o. 
9. 
8. 


3. Hence tabe gwny the oblique Aſcenſion, —_— 
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They make—— — 4 387. 


in Arcturus . ͤĩñĩê4éWö 183 : 20, 
It leaves the Diurnal Arch of the Star ——— 232 : 18. 


Whoſe Complement is the Nocturnal —— 127 42. 


H. * 
And the length of the D — — 15 5 29 13. 
Of the Night — ———.— — 08 - 30 * 48. 


3. Note, By the Aſcenſional Difference of any 
Star, the Diurnal Arch of ir is found in the ſame 
manner, as we have ſaid before concerning the Sun. 


PROBLEM IL 


Io find the Hour of Sun Riſing and Setting, the | 
Hours being numbred Pts ba to our manner 
from Noon or Midnight. 


1. In the Globe. 


1. Bring the ro of the Sun to the given Day, 
under a certain Elevation of the Pole known, toge- 
ther with the Hour Index to the Meridian. 

2. The ſame place of the Sun being rurned about 
to the Oriental — the Hour Index will ſhew 
with the Globe turning, the Hour of Sun-rifing : 
it being turned to the Occidental Horizon, will ſhew 
the Hour of Sun-ferting, 


2. From the Length of the Day groen. 


1. Divide the Length of the Day in two in the 
middle. 

2. One half will give the Hour of Sun-ferting : 
And the other half, but firſt taken away from 12 
Hours, or the Complemefit to 12 Hours, will thew 
the Hour of Sur-rifing : For Example. 


| _ 
The bf of, the * — 75 —_ — 15 * 25 
it ſhews the Hour ON mon — 7 . 

K k 2 The 
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H. 
The Complement to 12, that is —————— 04 05. 
Shews the Hour of Sun- riſing. 


PROBLE M III. 
To learn from the Globe, what Hour of a Solar Day 
.or Night, any Star ariſes and ſets. 

1. Accommodate the place of the Sun of the gi- 
ven Day, together with the Hour Index, to the Me- 
rid ian. 

2. Turn the Globe from hence, until your Star 
firſt come to the Oriental Horizon, and afterwards 
to the Occidental alſo. 

So the Hour Index will ſhew you there, the Hour 
of the Stars Riſing ; but here, the Hour of its Setting. 


PROBLEM IV. 

To find out by the Globe, the Beginning, End, and 
whole Duration of ihe Morning and Evening Twy- 
light of the Sun. 

1. The place of the Sun, and the Hour Index be- 
ing broughr to the Meridian, and hence, both being 
rurned again towards the until in the Circle of 
Altitude, or of the Vertical, ( which the Globe 
thould be furniſhed with) either the place of rhe 
Sun beneath the Oriental Horizon, or the oppoſite 
Degree above the Occidental Horizon, acquire 19* ; 
have, Degrees of Altitude, there, Degrees of Depreſ- 

on. 

2. Either being done, both will be done, and the 
Hour Index will ſhew the beginning of Morning 
Twylight; the Hour of Sun-rifing ſhews the end of 
the ſame, the time between, ſhews the whole Du- 
ration 

3. This whole Duration, add to the Huur of Sun- 
ſetting, and it produces the end of Evening Twy- 
light, from which ſubtract the Hour of Sun-ſerring, 
it produces the whole Duration of Evening Twy- 
light, equal to the Duration of Morning no. 
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PROBLEM V.-:: 


Erom the obſerved Altitude of the Sun in the day, 
or of any Star in the Night time, to find the Hour of 
the day or Night from them, by the help of the Globe. 

Bring the place of the Sun which ir obtains that 
day, together with the Hour Index, to the Meridi- 
an; from hence, turn the Globe either towards the 
Eaſt, or rowards the Well, (according as you ob- 
ſerved the Altitude of the Sun or Star, in this or that 
Coaſt) until the Degree of the Sun, or the Center 
of the Star, obtain the ſame Alrirude in the Vertical 
Circle of the Globe, which you found in the Hea- 
ven; for then the Hour Index will ihew you the 
Hour, either before or after Noon. 


PROBLEM VI. 


To eref a Scheme or Figure of the Heaven, by help 
of the Globe, that is, to divide the Heaven into 12 
parts, as it were Manſions or Houſes, that you may 
know what Sign or what Star may be foun in any of 
the Houſes, at any given moment of time. 

This may be exactly done by the Tables of Af- 
cenſion; nevertheleſs, though not ſo truly, it may 
alſo be done by the Globe, in the following manner. 

1. Deſcribe a Circle on Paper, divide it through 
the Center into 12 equal parts, which will ſhew the 
12 Houſes of Heaven; fo, that part that belongs to 
the Right Hand, is accounted the Seventh z the up- 
per part the Tenth, the lower part for the rourth, 
the intermediate parts conſtitute the intermediate 
Houſes. 

2. Direct the Globe exactly to the Coaſts of the 
World, and to the Elevation of your Pole, and to 
the given moment of time; to wit, bring the De- 
gree of the Sun of that day, to the Meridian, toge- 
ther with the Hour Index, oo from hence to che gi- 

| \ } Veil 
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ven point of time, which the Hour Index will ſhew 
in its little Circle. 

3. Hence turn vour Eyes to the Weſtern Horizon, 
and obſerve the Degree of the Equator there con- 
ſtituted, which is the Oblique Aſcenſion of the Se- 
venth Houſe, and from it, number towards the up- 
per part of the Meridian in the Equator 307 and 
at the end of Numeration, transfer the Semicircle of 
Poſition, (with which Semicircle the Globe ought 
to be furniſhed) which will ſhew you in the Eclip- 


tick, the Cuſp, or beginning of the Eighth Houſe. 
4. From hence proceed, and number another 30“ in courſe; 
and alſo do the ſame continually, in going forward to a Third, 2 
Fourth, a Fifth and Sixth, one after another; and as often as 
you come to 30%, ſo often apply the Circle of Poſition to the 
ſame, which in the Ecliptick, will ſhew the points or beginnin 
of the Ninth, Tenth, Eleventh, Twelfth, and at laſt in the Eaſt- 
ern Horizon, the Horizon it ſelf, in the point of Interſection of 
the Ecliptick, will ſhew the Horoſcope or Cuſp of the firſt Houſe. 


5. The Six Houſes exiſting above the Horizon, 
being found in this manner, you will have the o- 
ther Six, under the Earth or Horizon, if you aſſign 
the oppoſite Degrees of the Ecliptick, to the oppo- 
ſite Cuſps or Points; which if you aſcribe to the 
Lines of Houſes of your Circle, you will have the 
Scheme or Face of the Heaven, to the propoſed mo- 
ment of time: neither doth any thing more remain, 
unleſs, that alſo you would inſcribe the moſt noted 
Fixed Stars, and the proper and true Motions of the 
Planets, each to its Houſe, to the given Moment of 
time, computed from an Ephemerides. 


PROBLEM VII. 


To make Sun Dials by the aid of the Globe. 

Sun Dials are various, but the moſt common and 
eahe, and of which the reſt for the moſt part re- 
quite the Knowledge, are Horizontal Dials, which 
are mie on 4 Plane Iving parallel to the Horizon; 
and ihe }ertical, wiiich behold the Meridian direct, 

| | or 
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inſiſt at Right les pe icularly of the 
Meridian OE 1 ſhall 


only Treat, how they may be made, by help of the 
Celeſtial Globe. | 


1. Of the Horizomal. 
If you would make this : 


1. On an Horizontal Plane, or ſome Paper, de- 
ſcribe Two Lines, cutting each other at right Angles 
through the Center, of which Lines, that which 
tends downwards is the Meridian Line, the other, 
which cuts this croſswiſe at right Angles, from the 
Right Hand to the Left, by its Extreams, Eaſt and 
Weſt, ſhews the Equinoctial points. | 

2. From the point of Inter ſection, deſcribe a Cir- 
cle, divide it either really into 360%, or having a 
Semicircle already divided, divide it into like parts, 

(For if a Semicircle be made of any durable mat- 
ter, as Braſs, or Dutch Fer, or Vellum, an: di- 
vided into 180˙; you may, by the belp of it, in any 
Circular Line, aſſume what parts you Pledfe, if you 
accommodate that Sgmicircle ſo to your Peripbery, 
that the Diameter anſwers to the Diameter, and the 
Center ts the Center; and to any Degree of it tobich 
you deſire, tmpreſs a ſmall mark or point on your Pa- 
per, and afterward, draw from the Center through 
this point, either an apparent or an occult Line, 
which will deſign and cut off alſo, the ſame number of 
parts in your Periphery ) 


3- Theo in the ſame Circle, the right Line tending down- 
wards, is the Line of the Twelfth Hour, or Twelve a Clock; the 
other which cuts this croſswiſe through the Center at right An- 
\ gles, ſhews the Sixth Hour before Noon and after Noon, always 

ing diſtant by a Quadrant of a Circle, from ihe Line of the 
I 2th. Hour. , 
And the reſt of the Hour Lines are unequally diſtant from the 


12th. Hour, and to one another, which may be found in this 
manner. : 


4 1. Bring under, the Colure of the Equinoxes 
kk 4 in 
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In the Globe, to the Meridian, together with the 
Hour Index. | 
2. Move forward o V, through which the Co- 
lure of the Equinoxes paſſes, towards the Weſt, ſo 


Jong, until 15* of the Equator, or one Hour in the 
Hour Circle, paſs the Meridian. 


2. Afterwards number from the Meridian, and 
note the Degrees of the Horizon, which the Colure 
of the Equinoxes touches; and the ſame Degrees, 

ou mult alſo number from the Meridian Line in the 
lower part of your Circle, as well towards the Eaſt 
as towards the Weſt, and through the end of Nu- 
merarion, draw a Line from the Center, which will 
indeed towards the Weſt, be the Line of the 11th. 
Hour before Noon, but towards the Eaſt, the Line of 
the firſt Hour after Noon. 


4- After this, move forward again the ſame oY 152, or the 
Hour Index again to the next Hour, and your Colure will ſhew 
you in the Horizon, the diſtance of the Hour, 10 before,and 2 af- 
ter Noon, from the 12th. Hour, or the Meridian Line. 
5. Aud ſo go on until you come to the Sixth Hour, being 90 
Degrees diſtant from the Meridian Line. | 


' 6. And theſe 6 Hours being found on both ſides, 
the other alſo in the „ Circle may be had: for 
by how much the 7 and 8 before Noon, are diſtant 
from the Line of the 6 Hour; the 5 and 4 after Noon, 
are ſo much diſtant alſo from the ſame 6 Hour; al- 
ſo the 7 and 8 after Noon, are diſtant the ſame alſo, 
as the 5 and 4 before Noon. - 


And more Hours, our Region of Hours admit not, 
becauſe rhe longeſt day extends not ir ſelf, more than 
from 4 in the Morning to 8 in the Evening. 

5. All theſe things being performed, the Style or 
Thread muſt be fixed in r above 
the Meridian Line, according to the Altitude of the 
Pole of your place: Then the Sun ſhining, the ſha- 
dow of it- will {ew the Hours, it ſo be the bo 8 
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weſt fide of the Dial be applyed to a Meridian Line, 


drawn on the Plane of the 


Orizon. 


NOTE. 


Becauſe the Colure in the Globe, doth not ſo exattly 
determine the Degrees of the Hour diſtances, you may 
conſult the following 


Table 


of Hour Arches, for an Horizon a/ Dial, COX ie 
ted for the Latitude of London, were we Poe 78 
elevated, or whoſe Latitude is 51* : 32. 


f Hours | Quarters Horary anc) From this Table the diſtan- 
„„ ces of the Hours, and Halves, 
| and Quarters of Hours, may be 

: 2 0 36 [had exactly. 8285 
4 "Ws — UI. Of the Vertical Dial, he- 
— — — holding the Meridian or Spur ex- 

11 2 2 it: 31 fach. For Latitude 51? 32 
I 142 53 The Method of making this 
| 2 17 : $8 |Dial, is almoſt the ſame in all 

3 21 : 07 |things with the former, theſe 
| q 27 37 1, When you move forward 
2 31 * 37 the Globe for each Hour, thro' 
| DEE” 15 of the Equitor, we num- 
"= 5 — ber the removing of the Equi- 
* 3 : 39 © 04 noctial Calure, not in the Ho- 
: | 41 : 45 'rizon, as before, but in the 
| - | 45 r 35 Cirele of Altitude, conſidered 
— — 49 * 32 from the Vertical point, ty the 
4 53 36 true point of Weſt; 4g tin in « 
I 55 48 Retrograde manner, we nun- 
2 52 ;: 07 ber the Hours before Noon to- 
| BY 38....K2 Bi wards the Eaſt, becaule the 
FF 
1 7s 2 4s 2 1dow in the part cps 
| 2 8o „ 27 polite to the Luminous Body, 


2. We 
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2. We cannot proceed beyond the Sixth Hour, 
before and after Noon, fince this kind of Dial doth 
not contain more than 12 Hours, 6 before Noon 
and 6 atcer. =. 

3. The Style muſt be fixed in the Center, and e- 
levated above the Hour Line of 12, ſo much, thar 
the Angle at the Center, anſwer not the Elevation of 
the Pole, as before, but the Altitude of the Equa- 
tor; and ſo the Style will ſhew the Hours, if the 
Plane of the Dial dureAly behold the South, and the 
Line ot the 12th. Hour, ſtands perpendicularly on 
the Meridian Line, drawn on the Plane of the Hori- 
20n. 

4. And for the more exact taking the diſtances of 
the Hour Lines, note the following Table. 

Of Arches of Hours, for a Vertical Dial, compu- 
ted for the Latitude of London 51? : 32. 


ow & Half Ho. . O F 
12 © a IF P 

% Politick Time. 
11:7 PROBLEM VI. 


#30 : 

31 33 To change the Civil Hours, cut in two 1 
39 on the middle, from Noon and Midnight, intocar 
'47 © 8 rinual Hour g. 

5s : 20] If you aſſume the beginning of the day 
56 : 42 from Noon, the Hours before the follow- 
,78 : 03ing Noon, add to 12: If from Midnight 

gor ©00jyou aſſume them, add the Hours after the 
£38 28 following Noans. 


PROBLE M VII. 


Any certain Jewiſh Hour of a day being given, and 
mumbred from Sun riſing, 2 2 1s * in 3 e- 
gual Hours, numbred from Noon or Midnight. 

The length of the given day being foreknown, 
bow much it is with us, for Example, of 16 Hours 
ls 


my 
— 


Fo COOL un- 


many of our equal Hours, anſwer 5 of the Zewiſh 
unequal ones, when the Proportion is the ſame of 
the unequal Hours given, to the equal ones ſought, 
as is ot 12 unequal Hours of the whole day given, 
to the equal Hours of rhe ſame day; we muſt ſay 
by the Golden Rule of Proportion. 


Unequal Cs" ake equal|What make unequal. 
12. os | * . 
The tion being made, it produces 6 5, or 
40', the Numeration being made from San riſing. 
To this, it you add the Hour of Sun rifing, which 
is the 4th. Hour from Midnight, the fifth Fewwih 
Hour, will be with us the Tenth, with 40 Minutes. 


PROBLEM NX. 


Groen a day of a Jewiſh Month, to know to tober 
day of which Julian Month it agrees. 

This thing is and uncertain, as to the Tears and Months aſ- 
ſigned in Holy Scripture, as is alſo ſaid before. 

1. Becauſe tis not certainly known what kind of 
Year the Hebrews uſed, before and after the Capti- 
vity of Babylon, even to the ſecond Deſtruction of 
' Ferwſalem. _ 

2. But appointing them to be compoſed of ſome 
Lunar Year, and bound to thoſe, uſed from the 
Times of My/es, and underſtood the ſame always 
in Holy Scripture, as ſome will have it; neverthe- 
loſs becauſe alſo tis uncertain. 

3. Whence they drew the beginning of their 
Months? Whether from ſome Calculation of Lunar 
Motion? Or, as the Ancient Hebrews witneſs, from 
the firſt appearance of the Moon after New Moog, 
which varies according to the diverſity of Times and 
of places; and ſomerimes ir ſhewed ir felt conſpi- 
cuous the ſirſt day, ſomerimes the ſecond, ſometimes 


allo 
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in the day of the Summer Solſtice; if we ſeek how 
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alſo at laſt on the Third day from its Conjunction 
with the Sun. And | 

4. Moreover, alſo the reaſon of Intercalation, 
which the Lunar Years required, it we believe the 
Fews, they were tyed to no certain Laws, for they 
did not intercale, only when the defect of the Luxor 
Year from the Solar, required the intercalation of 
one Month, but alſo, if the Jetiſh Paſſover happen- 
ed when the Fruits were not ripe, or the Trees not 
Budded, or the Bridges being overturned by Floods 
ot Water, denied them paſſage to the Feaſt of the 
Paſſover, or the Lambs and Kids for Sacrificing to 
the Feaſt of the Paſſover, were not at their full 
82 as appears from the Rabbins, or Fewiſh 

octors. 

From theſe Cauſes the beginning of the Fewi/h 
Years, and conſequently alſo the days of the reſt of 
the Months; cannot be fo defined, that there ma 
not ariſe a doubt, not only ot ſome days, but alſo 
by an whole Month, by reaſon of the intercalation 
uſed or omitted, unleſs ſome manifeſt Character 
from ſome other place help us, which might lead 
us to the certain knowledge of the Day or Month 


of the Fewos. 

But if any one ſhould believe all the Years in the Bibles, to 
have been Lunar, and to begin from the firſt New Moon next af- 
ter the Vernal Equinox, hence would inſtitute, any compa- 
r Jewiſh Day, with the ſame day in the Julian Year, he 

us. 


1 1. He muſt reduce the eroiſi Year to the Julian 
ear. 

2. To this Julian Year, he muſt ſeek the day of 
the Vernal Equinox. 

3. Likewiſe the Fulian Month of New and Full 
Moon, in which the Equinox happened. 

4- If the Full Moon of that Month happened be- 
fore the Equinox, the following New Moon, will 
be the New Moon, of the firſt eteiſß Month * 


UT 
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But if it happened after the Equinox, that Full 
Moon it ſelf will be the Full Moon in Niſan, and 


the p ing New Moon, the New Moon in N. 
ſan, which 1 RY begin the Mean, the ſpace of 
two days after New Moon, you will wander not far 


from the Truth: And from the firſt day of the Month 
Niſan, being given in the Fulian Year, tis eaſie to 
ger the 9 of the other Months, by Altern 
Addition of 30 and 29 Days. 

Example. 

In the Tear of Chriſtian Epocht—— ——— 34. 

Tie ſought how _ days of which Month, was 
the 14 of the Jewiſh Niſan, in which Chriſt Suffered 
for the Salvation of Mankind? Anſwer. 

1. The Equinox in that Tear happened ihe 22 day 
of March current, 2 Hours after Noon. 

2. The foregoing New Moon happened the 8 doy of 
March, 8 Hours after Noon, and the Full Moon fol. 
lowing was the 23 of March, 2 Hours after Noon, 
whence truly it may be accounted for the Paſchal 
New Moon, becauſe it followed the Equinox : Bin 
becauſe in that time it was the common Opinion of 
all, that the Equinox ſhould fall on the 25 of March, 
therefore the Jews, neither would haue that New 
Moon for the Index of tbe Month Niſan, nor this 
Eull Moon for the Full Moon of the Paſſover. 

3. But rn New Moon happened the 91th. 
of April, 8 Howrs before Noon. 

4. Which if therefore, April the 9th. the Moon 
tous Kerne firſt ſeen, the firſt of Niſun happened ; 
on the 10 of April, and the 14 of Niſan on the 23 of f 
April, which was the Sixth day of the Week, and ö 
the day of Paſfion of our Saviour Feſis Chriſt. 4 

PROBLEM X. 


To change the Tear of Chriſtian Epocha uſed, into 
the Tear of the Julian Period, and the contrary. 
| To y 
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To the Year of the Chriſtian Epocha given, add 
Years 4713, and you will have the Year of the Ju- 
lian 

A. 2, you da on Ly 2 and from the Years 
of the Julian Peri ou take away 4713 ou 
7 y 2 ears, y 


will have the Years of the 
Example. 
The preſent Rar 1700. 
How much is it gf the Julian Period? 
Anſwer, — — 4713. 
And you wi Il produce—— —— 4153. 


Again this very Tear, how much is it 
Of the Chriſtian Epocha? — 4713. 
Tou will find the Tear ——— —I 7 OO. 


PROBLEM XL 


From a given Tear, numbred back again from the 
D oc gar to know how much 1t is of the Ju- 
4 


lian P nd the contrary 

Take away the Year belies the Chriſtian Epocha 
iven, from 4714, it leaves the Year of the Julian 
eriod ſought. 

On the — the Year of the Julian Period, 
being given beneath 4713, take 3 the Years 
4714, and you will have the Year Current before 
the Chriſtian Epocha. 


Example. 
The Tear before our Epocha 2308. 
How much is it of the Julian Period? Anſwer 
From the Tears ————_—— 4714 
Take aw — — Jy. 
There are the Tears of the Ju Julian Period 2405 
Again, this Tear of the Julian Period, bow . poi 
ic it before the Chriſtian Epocha? * Anſwer. 
From the Tears ——— — 4714 
Take 4 ——— — 2406. 


And it leaves Nr. — 2308. 
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PROBLEM XI. 


To know the intervul or ſpace, between two Tears 
of the Julian Period given. 

Subtract the leſſer from the greater, the reſidue 
ſhews what you ſeek. 


Example. 

The Tear of the Julian Period in which Rome was Built 3962. 
How much is it diftant from the Tear of the Julian Period 3 203. 
In which the Iſraelites went forth from Egypt? 

Anſwer, Take this from that, and there i left, Tears 75% 


PROBLEM XIE 
To diſcern the Biſſextile Tear from the Common 


Tears. 


In the Tears of the Julian Period. 

Divide the og by 4, Unity in the remain- 
der, denotes the Biſſextile Year, 2 the Second, 3 the 
Third, and o or nothing denores the Fourth from 
Biſſextile. 

5 1 Tears of the "od ay Epocha. 

vide the given Years nothing remaining, 
is a Sign or Token of the Biſſextile Year, if 1 re- 
main, it is the next, 2 the Second, 3 the Third from 
Biſſextile. 


QF 
Ecclefiaftick Time. 
| PROBLEM XIV. | 
72 ue Orlet of the Sun, of the Moon, and 


I. In Tears of the Julian Period. 
mo reſidue Of the Sun. 


The given Years 19.$ſhews the JOf the Moon. 

_ _— 15.) Cycle. 2 gg 

o remain, it is a compleat Cycle, and the 

lift to be had for the Year of the Cycle. - 
| 2. 
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2. In Tears of the Chriſtian Epocha. 


To the given C. © The Sum Cas. 
Years 1. . For the D : doe 19. 
add 3» India. | By 15. 


The remainder is the Cycle ſought; if o remains 
the Cycle is aſſumed whole. 


PROBLEM XV. 
From the Cycle of the Sun given, to find the Do- 


/ " 


minical Letter. i 
1. In the Julian Tear this is a perpetual Method. 


With the number of the Cycle of the Sun, enter the 
following Table, in which the firft or up oft 
Rank or Column, is the number of the Cycle : The 
Second, of the Dominical Letter: The _ points 
out the days of the Week of the Calends of Zanu- 


ary 
I 


2 5 6 8 
GE THHESE flt 
2.1415 3 6+ ©3843-4344 
10 11 1211314115 1641 
JOGAHE B [16 
+12 -1-2:3-3-1.$--4:6 SAL 
19 120 | 21] 22 | 23 | 24 | 25 | 26 
D GB | (%% 
5 6 EAA 6 


— 


The Common Years have one Dominica! Letter, 
the Biſſextile two, of which, the former hath place 
from the beginning of the Year, to the 25 of Febru- 
ary, the other, from hence to the end of the Year: 
The reaſon is this, becauſe the Intercalated day, to 
be put in after the 24 of February, acquires not ano- 
ther Letter, but that which the precedent day hath, 

| it 


en 
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it retains; and hence the following Lords Day ob- 
trudes another Letter than the ante edent had. 


I the Gregorian Tear. 


A Table of t cle, of the Dominical Ler- 
ter, and the Week days of the Calends of January, 


* 
. 3 * 2 _ * 


* 
— 


112 4 8 

5 445 [ED cl 1 
Fi 121 91-446 19 0:1 

10 {11 [12 [13141516117 
5 (Seb 
41516171213 1415 

19 120 | 211 22123242526 
IEE D | Arad 
1ÞE WOE no A SARA ERA 


PROBLEM XVI 

From the Cycle of the Sun given, and the Domini: 
cal Letter, and 4 certain day of any Julian 

Month ; to know what day of the Week that 


#, 


1. Seek the given day in ſome common 
Almanack, Julian or Gregorian, and be- 
hold what Letter it hath aſcribed to it: Or 
if you have no Almanack at hand, you myſt 

55 L compute 
9 
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compute how many days from the Calends of Fanu- 
ary, the given day is ? the number of which, if you 
divide by 7, the remainer will ſhew the Letter of 
that day in its Natural Order; for if 1 be over and 
above, the Letter of that day is A, if 2, tis B, and 
ſo on. 2. And the Letter of the day being known, 
if you compare it with the Dominical Letter of that 
Year, you will eafily come to the knowledge of the 
Week day, by going forward or backward. 


Example. 


Chriſt wor Born in the Tear of the Julian Period 4707, of which 
the Cycle of the Sun was 3, the Dominical Letter D, the 25 of Decem- 
ber, whoſe Letter was B; which alſo may be found, if the 25 of De- 
cember, that is, the day from the Calends- of January, being 359 
Days, be divided by 7, the remainer is 2, the Index of the Letter B. 


If now from the Dominica! Letter D, you number 
back again even to B, you will find that the 25 of 
--- in that Tear, was the Sixth day of the 

eel | 


Briefer thus. 


To the numbred he Calends | , add the 
3 
I | . o 
Frag — «away 297 reſidue 


Example. 


The Tear of the Julian Period 4707. 
Of which the Cycle of the Sun 1 — 15 
EE TE 

4 aiy, 40 f rom 

the Calends of „K ed * frog 359+ 

Add 4, that they make day 363. 

Which divided by 7, leave. ——6. 
Tv wit, the Week day of Chrifts Nativity. 

Problem 
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PROBLEM XVIL 


Given the Dominical Letter, likewiſe the Cycle of 
the Moon, or the Golden Nunter , to find the Pa/- 
chal Term or Eafter, and from it, the Lords Day of 
the 1 * of the 01d Style. 

Tal - the Golden Number, enter the following 
en N 


which ſhews the Feaſt of Eaſter to any Gol- 
umber given, with its Letter. 
Table 1 the Terms o of Eaſter. 


erms ot Cycle Terms of 
Eaſter # 4 | Eaſter. 


8. Apr. 18. 11 Apr. 1. 
9. [Apr. 7. 6. Mar. 21. E 
d. Mar. 27. B 1 15 Apr. 9. 
I. Apr. 15. G 18. Mar. 29. 


DI 12. Apr. 4. C} 19. Apr. 17. 
Bl 13. (Mar. 7 7 
E14. (Apr. 12 


* — — 


22 


1 next Lords: Day after ä to 
the day of the + dur which the Dominical Letter 
foreknown will ſhew, will be the Feaſt of the Paſ- 
fover or Faſter, in the Old Fulian Kalendar, unleſs 
the Letter of the Term be the ſame as the Domini- 
al Letter; for then the Feaſt of Eafter is refetred 


10 the following Lords Day. 
Ex ample. 
What day is Eafter Celebrated i in the Tear of Chri- 
ſlian Epoc — — — 1654. 
Anſwer, The Cycle of the Sun ae of this Tear is—11. 
The Dominical Letter eee 


The Golden. Number - 
Which ſhews the Feaſt of Eafter is dank the 25 N 
with the Letter G, which next folloms rhe Dominica! 
Letter A: I fa 2 the beaſt of Eafter was Ce- 
&drated Mal the 26th. 


E12 Problem * 
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p R OB L E M XVIL 


From the Golden Number given, to find the 


Epe. 
In the julian Tear, by a perpetual Mcthnd. 
Enter the following Table, and to the Golden 
Number you will find the EpaQts ſubſcribed. 


Sold. Numb. 1. a 1 = 
Epads XI 1 lit iy Et DT 
Gold. Numb. MET 
Epacts vm! B Ix 55 Xll Kin Iv 
_ 5 19. 
[oxy vit II XA Xx 


2. But in the Gregorian Tear. 


The Method of finding the Epabts, is the ſame 
by the Golden Number, which in both Years is al- 
ways the ſame; but the Tables are not- rpetual, 


and the following will laſt to the Year of the © Chri- 
{tian Epocha 1700. 


A Table of Epadts in the Gregorian Tear. 


| Gold. Numb. 1 42 7. | 
Epatts 1 | Xl IT iv 6 [26 [we] x vil 
Gold. Numb. _—_ "0p": * to. | It. 
pd, |XVIN[XXIX Xt if | xi E 
Dold. Numb] 75. [ 16, 
(ed, | v | xvi xxVU vit ITY | | 


PROBLEM XIX. 


Given, either the Golden Number for the Old Ju- 
lian Tear. or the Wale of the new orian Tear: 


To find the Feaft of Eaftgr of the Chriftans, in both 


Calendeors. 


1. For 
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1. For the Feaſt of the Julian Year, 


1. With the Dominical Letter, which is alſo 
foreknown, enter the following Table. 

2. In the Column of Golden Numbers, to which 
the Dominical Letter is preſcribed, ſeek the Gol- 
den Number of the Year. 


3. In which rank of Numbers you find the Gol 
den Number, over againſt it, under the Title of 
Feaſt, you will find the Month and Day of Cele- 
brating Eafter. 

2. For the Feaſt of the Gregorian Tear. 
The Method is altogether the ſame, unleſs that 
inſtead of the * we uſe the Epacts 
of the Gregoriaꝝ Year, under the Dominical Letter 
and Title of EpaQts. 

A TABLE OF THE FEAST OF EASTER. 
| Dominic. Golden l 

Letter | Epatts | b. 

2. 5.13. 16. 23.27. 19. March 20. 
7. 10.15. 18, 18. 16. 15. 13. 12. Apr. 8. 
A. It. 4. 9. 12. to. 8. 7. 3. [Apr. 9. 

3. 6. I. 14. 17.] 4. 2. 1. 29. [Apr. 16. | 
9. 9. 27. 26. 24. | 

2. 5. 13. 16. |23- 21. 19. 18. [March 27. 
4. 7. 10. 15. 18.16. 15.13.12. Apr. 3. 
B. II. 9. 12. 17. |16. 8. 7. 5. 4. Apr. 10. 
3. Go 11. 14. 21. 29. 27. 2. Apr. 17. 
18. 19. 26. 24. Apr. 24. 
2. 5. 10. 13. 16.23. 21. 19. 18. |Var. 28. 


4. 7. 15. 18. 16. 15. 13. 12. [Apr. 4. 
l 


C. |t. 6. 9. 12. 17.] 8. 7. 5. 4 Ciof Apr. 11. 
* 14.19. 2. I. 29.27. [Apr. 18. 

. 3 26. 24. Apr. 28 

16. s 1 Mir. 22. 

2. $. 10. 13, 21. 19. 18. 18. Mr. 25. 

D. | 4.7. 12> 15. 18. 18. 13. 12. 10. Apr. 5. 

1. 6. 9. 17. 8. 7. 8. 4.2. [Apr. 12. 
3.8. 11.14 10. 20. 27 26. 24. [Abe 15. | 


— — — | 
LE 3 Domuncal 
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U inc. © Golden 18 F Feaſts 
| Letter Numbers Epacts | 

$. 16, 23. March 22. 

2. 10. 13. 18. 21. 19. 18. 16. 13. March 30. 

E |r. 4. 7. 12. 13.1 3. 13. 10. 8. Apr. 6. 
9. 14. 17. | 7. 3. 4. 3-1. [Apr. 13. 

13. 8. 11. 19. 29. 27. 26. 24. [Apr. 20. 
5. 18. 123. 41. March 24. 
2. 7. 10. 13. 18.19. 18. 16. 13. March 31. 

F b 4-12-15. 13. 1. 10. 8. 7. At- 7. | 

6. 9. 14.17. . 4. 2. 1. Apr. 14. 

E 11. 19. 29. 27. 26. 24. Apr. 21. 
| 5. 13. 16. 23. 21. (13. March 25. 
2. 7. 10. 18. 19. 18. 16. 13. [Apr. 1. 
G I. 4. 9. 12. 13. [t a. 10. 8. 7. [Apr. 8. 
3. 6. 14. 17. 5. 4. 2. 1. 29. Apr. 15. 
1 8.11.19. 127. 26. 24. Apr. 22. 


— — o- 


PROBLEM XX. 


Being known, 1. The Domanical Letter. 2. The 
Golden Number. 3. The Feaſt of Eaſter. 4. Alſo the 
Nativity of Chriſt, e Er Axt the 25 of De- 
cember : To deſign the reſt of the Feaſts of the whole 
Tear, and to adorn the whole Calendar. 


To 


The 4. 3. 2. 1. Lords Days next before the Na- 
tivity of Chriſt, are called Advent. 


II. 


1. The Lords Day following the ſame, is called 
the Lords Day after the Nativity, which is none, 
it the Nativity of Chriſt fall on the Lords Day. 

2. The Lords Days next following the Feaſt of 
Taſter, are denominated from Singings, and old 


Ritcs 


| 

f 
| 
5 
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Rites and Ceremonies of the Church, in this man- 
ner. 


I. Quaſimodageniti. 3. Jubilate. 
2. Miſericordia. 4. Cantate. 


5. The Voice of Mirth, otherwiſe alſo called the 
Lords Day of Rogation, and of the Croſs; of 
which Week, the 5th. Week day is Celebrated the 
Feaſt of Chriſts Aſcenſion into Heaven. 

6. Exaudi, or hear ye. 

7. The Feaſt of Pentecoſt, or the Miſſion of the 
Holy Spirit, commonly called / hit ſont ide. 

8. The Lords Days of the Holy Trinity, which 
follows; the Lords Day after Trinity, I. II. III. 
IV. and fo on, in numbring, even to the firſt Lords 
Day of Advent. 


9. The following Lords Days, next anteceed the 
ſame Feaſt of Eaſter. | 


1. Palm Sunday. 6. Invocavit, or Quadrageſima. 
2. Judica. 7. Efto mibi, or Quinquage ſima. 
3. Letare, or to 8. Sexageſina. 
Rejoyce. 
4. Oculi. 9. Septuageſima. 
5. Reminiſcere. | 
III. 


The 1. day of Januar is Celebrated the Feaſt of 
a Circumciſion of Chriſt, and begins the new 
ear. 
Sometimes the Lords Day following this day, 


(rejoycing only in the Name) is called rhe Lords 


ay after the Circumciſion: But it is not, if the Feaſt 
of Cixgumciſion fall on the Lords Day, or the ſe- 
cond day of the Week. The Sixth day of Funuary 
is kept the Feaſt of Epiphany, or the Manifeſtation 
of Chriſt to the Genti/es, every where of Three 
Kings: The Lords Days following this Feait are 

| L144 called 


——— ——  ——— 
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Called the 1. 2. 3. &c. after Epiphany, to Septuage- 


fima Lords Day, of which ſometimes there are 


more, ſomerimes fewer, according as the Feaſt of 
Eaſter is, 150ner or later. | 

Therefore the Months of the Julian or Gregorian 
Year being deſigned, with their days, which either 
the Common or the Biſſextile Year requires, and 
the Feaſts, as well movable as immovable, which 
we have alſo reckoned up before, with their agree- 
ing days aſcribed; alſo the uſual days to the reſt, 


-with their Names every where put to them, will de- 


ſcribe an whole Ephemerides or Calendar, or as the 
Arabs call it, an Almanack for the whole Year, 
thar is, you will have deſcribed the Number and 
Diſtriburion of the Days; to which the more Learn- 
ed, omitting the Vanities of Aſtrologers, may add 
the Celeſtial Motions. 

Therefore we were YE to adjoin this little 
Compend ĩum of Ecclefiaſtick Computation, as they 
call ir, ro this Aſtronomick Chronology, that this 
profitable and neceſſary Doctrine, (which in old time 
was firſt propoſed ro Youths in Schools, and whol- 
ly required by Ecclefiaſtick Perſons) ſhould not al- 
together be forgotten, bur as it were, by way of re- 
covery, be recalled into the Schools, eſpecially in rhoſe 
wherein Youth is Educated, tor Eccleſiaſtick Affairs: 
For neither is it Laudable, that a Biſhop or Presby- 
ter of a Church ſhould be igncrant of the reaſon of 
ordaining the Feaſts, and requeſt this Doctrine from 
Aſtcologers alone; ſome ot which defile it with filthy 
fooliſh M—_— 


puri Cn v. n i in Chronological Probl zs: 
An APPENDIX 
| Concerning 


Hiſtorical Chronology. 


IME is the meaſure or number of Order, and of 

ſucceſſion of rhings done: As therefore *ris in 

yain to uſe Abſtract Numbers, unleſs ſomething 

ſubſiſt which is numbred; ſo the Examination of 

Time is barren and unfruitful, unleſs it be alſo ac- 
commodated to things done in time. 


Hence deſcends Hiſtorical Chronology, in which 
the things themſelves are bound to the times in 
which they are done, and the times to the things: 
This many handle largely; we, leaſt we ſhould 
ſeem to tire our ſelves with only a bare Contempla- 
tion of time, as before, we have recited ſome Epo- 
chas, whence times flow, ſo now we {hall brietiy 
touch upon the whole Head of all Chronology, that 
Learners may have as it were ſure Forms, to wiiich 
they may reter, whatſoever occurs to them in Read- 
ing of Hiſtory. 


For the determination of Time, is as it were the 
Life of Hiſtories, without which they are more like 
Fables than Hiſtories. 

And we ſhall begin from the Fall of our firſt Fa- 
cher Adam, which in Holy Scripture is ſubjoine 
immediately to the Week of the Mundane Creaci- 
on: Whence Moſes ſeems ro have deduced his 
Times; he of all Hiſtorians, whote Writings have 

come to us, is the firſt and the molt trueit. 1 
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We uſe commonly the noted Julian Years, which 
nevertheleſs in the firſt Ages of the World, we be- 
gin not from the Calends of January, but from the 
end of the antecedent Ofober, after the manner then 
in uſe: Therefore follows 


_ 


— co 


CHAP. I. 


In which the whole Courſe of all Ages, from the Fall 
of Adam, even to our Tine, is divided into 
X Intervals or Diſt ances. 


And they are 


1. Rom the Fall of Adam, to\Cearsof | 
F the General Flood. 15564. 


2. From the Flood, to the firſt 
Promiſe of Chriſt made to A- 357. 2023 · 
brabam, and the calling of bim Tu 
into the Land of Canaan. 


3. From the calling of Abra- 
ham, to the going forth of the| 429. 
Iſraelites from Egypt, and the 
Law given by Moſes. 


4. From this going forth, « |. 
the laying the F 189 of che 479. 331 1. 
Temple of Zeruſalem, Built by) | | 
Solomon. | 


24321. 


| Part II. Ch. I. A Chronological Appendix. 523 


5. From the Foundation of Tears of years of the 
the Temple, to the firſt Deſtru- Diſtanceſworldcollectec 
fion of the ſame, made by Ne- 
buchadnezzar, King of A 4271. 4339. | 
whence the beginning of the | | 
Babyloniſh Captivity. 

6. From the Babylonick Cap- 

tivity, to the diſſolving the | 65 3. 44244. 

ſame, made by Cyrus, the firſt | 

King of the Per/rans. = 
N. B. or note well, 

(Holy Writ attributes 7 years | | 
to the Babylonick Captivity; 
but it underſtands the ry lyſtical | | 
Tears, v to the Jubilees 
and Sabbaths, of days 343, of 
which, the 70 Teurs conſtitute | ; 
only 65 2 of Julian Tears.) | | | | 

7. From the diſſolving the | 
Captivity, to the Edict of the | 

Born Darius, King of the | 118 3. 
Perſtans, concerning the Reſtau- 
ration of the Temple and City. 

8. From the Edict of Darius, * 3 
to the Paſſion of Chriſt. 453 % 4861 

9. From the Paſſion of Chr iſt. 
to the end of the Few:/h War, 
which happened in the Year of | 3 3029 1. 
the Chriſtian Epocha 71. * | 

10. From the beginning of | 
the age War, to the end of | 158; 5; 68154. 
the Year of the Chriſtian Epo- 
cha 1652. | 


— ww * A 
— 
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The firſt diſtance or interval from the Full of 
Adam, to the Flood, diſtribated into ſborter 


Articles, 
Eth. Adam. | 
Enos. Seth. | 


Cainan. ſwas BornEnos. 
Mabalcel/in the Year Cainan. 


Jared. jof the Age Malaleel. 

Henoch. of Fared. 

Mathuſal| Henoch. 

Lamech. Mathuſalem|18 
Noah. [Lamech. 


In the Year of Noabs Age 599 . 
n the Flood, during Years 


Nhence the Sum of Years is] 
made, from the Fall of _—_ | 
to the end of the Flood. 16563 
CHAP. IL 


Explication the II. Of Di ances from the Flood, 3 
the calling of ABRAHAM, ms 6 


rs Interval in like manner is explained by the 

Ages of the Patriarchs in Geneſis, Chap. 11. 

and 12, which may be preſented in ſuch a Scheme 
45 this. 0 | 


Arphaxad 
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1yhaxad was Born in th Years of Years of the 
* from the ending of — 2. | 1659. 
TE 
Born in the Eber. 34. | 1758. 
Year of the Peleg. 30. | 1788. 
Age of Neu. | 32. | 1820. 
* 30. 1850. 
r. 
k 1 3 
And Abrabam was called, and EO 
received the Promiſe of Chriſt, | 


from his own Country into the} 75. 20 

Land of Canaan, in the Year of 88 bog 

his Age- 
Hence the Sum is made 367. 


N. B. 


Some appoint Abraham to be Born not in the 7c, 
but the 130 Tear of bis — Thare, but fooliſhly; 


or 

I. cannot afirm it by any Tefti Scrip- 
ture, 2 they A g - whe 2 
and doubtful Ratiocination taken from the Narration 
of * 1 AQts 7. and in this manner. 

2. Since from the Age of Abraham, all the follow- 
ing Chronology of the Bible * the whole cer- 
tainty of 2 * | rom the 0 Tear of 


als, if we recee 
Thare, in which the Scripture conſents Abraham 
was Born. | 

For of the 130 Tear of Thare, the Scripture men- 
tions not a word that Abraham was Born to him. 

3. Which was to him _ of a Miracle, when 
he heard from God, that a Son ſhould be Bern 16 him, 
in 


in bis Hundred Tears, which admiration would not 
have been raiſed up in him, if be . not have 


been Born of his Father within the ndljed Tears. 


18 q D * 2 — 


An IV, 
Expoſition III. Of the diſtance from the fs of 


braham, zo the going forth of the Iſraelites from 
Egypt, and the publiſhing the Law. 


Tz beginning and end of this Interval, the Holy 
1 Scripture ir ſelf determines and expreſſes the 
whole of it, which was 430 Years; to wit, in num- 
bring from the Promiſe made to Abraham in the 
Year of his Age 75, even to the Exit, or going 


forth from Egypr, or a little after the publiſhing of 
e 


the Law: For ſo we Read in the _ of Paul 
to the Galatians, Chap. 3. At length began the Law, 
after 430 Tears from the Promiſe made to Abraham. 
Moſes conſents alſo to this Teſtimony of St. Paul, 
who writes in Exodus the 12th. The Habitat ion 
the Children of Iſrael, in which they remained in 
Egypt, was 430 Tears. | 
z which Words, alſo the time of Pilgrimage of 
22 and Jacob, in the — 4 Canaan 
and the bordering places, are compre 
1. The Apoſtle Paul is a Witneſs to us beyond 
exception, who repeats theſe 430 Years, not from 
the entrance of the I/rae/ires into Egypt, but from 
the firſt Promiſe made to Abrabam. 
2. Alſo God himſelf, not only inctudes the Chil- 
dren of Facob, or of the Iſraelites, but alſo the Pil- 


grimage of the Fathers of Abraham and Iſaac, about 


the ſpace of 400 Years. Gene ſis 15. 
3. So alſo the Authors of the Greek Verſion, in- 
clude the Pilgrimage of the Abralumites, as well in 
| | Canaan 


e Aci Apes Boo If. 


—_ 1 66 a „ 
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Canaan as in Eeypr, in thele 4 430 Years. Exodzs 12. 


and 41. Without doubt from Ancient and ſure Tra- 
ditions ſo that it is unadviſedly done of thoſe who 
Argue thoſe falſe 


things. 

4- To which alſo the Authority of Zoſephas A. 
* who in his Antiquities, Book 2. 13. 
from the Deſcent of Jacob into , to the Exit 
2 the Hraelitec, numbers 215 earS; whence it 
lows tar henna of Aras Ie — i 

aac in 

th Whicgalſs, lady the Account of Scr 
5. 0, e ccount pture 
it ſelf makes appear: For Chat, the Grandfather of 
ys who went down with Jacob into Egypt, Li- 
v 2 Years, his Son Amrem Died in the 127th. 
Year of his Age; Moſes the Son of him, was 80 
Years Old when he led out the I/7ae/:tes from Egypt. 
Suppoſe now, Cabat in the Deſcent of Jacob into 
Egypt, and Aram, to Beget Children in the laſt 
Year of theit Age, yet neither 'will you proceed 
ond 350 Years, according to this 6 computation 
of Time, for 133 and 137 and 80 make but 350 
Fs; which if now you grant to Cabat ſome Years, 
in which he Lived in Candam and if you will take 
away fore Years from the fame; Caber and his Son 
Amran, in which, before the end of Life, they Be- 
gat Children 15 Sum " — wa leſler, 
whence it appears that the 430 Years aſſign- 
ed in Exodus the 12th. comprehends alſo the Time 
in which Abrabam, Iſaac acob, were Pilgrims 
5 oy n aan, 1 « ry 
o, being forced to 778 eir Habita- 

dons the the cauſe of ſatisfying Hunger. 


9541 which if weighed val Ballance, no 
Man will gain-ſay with wich reaſon: "Theſe things there- 
fore being preſuppoſed, this diſtance of Time may 
be dedaced from Scripture "thus. 


From 
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plle& years collect 


f Diftanceof the 
From the calling of Abraham] * work] 
wo the Rinhof Jace inte 19 2. | 2048. 
From the aac, to} ge. 
the Birth of ach, in the Ye: ; RE: 
of aach A | | 
To the P L of Jacob into 162. 2185. | 
1 in the Year of his Fong | 
ge 77 | 
Hence to the Birth of eg sa 
= Year of Bondage of 7. 
cob 1 8 
From hence to the Exaltation , 
of Foſeph, in the Year of his _ * | 
Ho Fare 2 
O Jacobs going into A | 
in the Second Year of the 25 215. [ 2238. 
ooh of the Eaalratlon off | 
ojepn 9 I 
e 286. . 
the Lear of his Age 110, 1 
8 EN 0 
2 Birth of Moſes, Leu 349... | 2372. 
"To the exit from Egypr, 8 * 
ce Yar of Moſer is derbe wy 2 | 


Interual the IV. From the Exit or 


Egypt, to the Building the Te 
lem, demonſtrated from Ts 


7 wy 


From 


furt Hl. Ch. V. A Chronological dppendix. 529. 
Rom the going forth of the I/raelites out of 
Egypt, to the Building of the Temple of Fe- 
ruſalen, the Holy Seripture numbers in the whole, 
480 Years. 1. of Kings, Chap. 6. Although ſome 
_ to - a Iz to. * in _ 
iſhing een the beginning and ending of the 
— from Egypr, which happened many Years after 
it, when all the I/ree/ites had poſſeſſed their Reſt; 
whence they add 100 Years more to the Sum of 
480 Years, relying on the Account of the Book of 
Judges; which times of Bondage and Freedom, of 
Reft and Thoybles according to which the Chro- 
nologicat Account inſtirured, ſeems to number a- 


Nevertheleſs to us, from ſo clear Writings of 
Holy Scripture, which numbers 480 Years from the 
exit to the 1 — it ſeems not adviſeable to de- 
part ſo far; therefore we appoint the Years of Bon- 
age of the I/raelites, to be included in the Years, 
in which the Deli verers of the fame Common Wealth 
had been before: Neither doth ir ttouble us, that 
the Scripture mentions, that thoſe I/rae/ites Lived 
vietly undet the Judges; for there is a twofold 
eſt or Quiet, one, wherein I Live in Tranquility, 
free from all Offence; rhe other, in which, alchough 
| am! affected with divers Injuries, yer thoſe are not 
oppoſed by me, bur in ſuffering all things patiently, 
[enjoy Quiet, ſuch as it is, and ſuch which the /- 
raelites are underſtood to enjoy in the Book of Zud- 
ter: The Quiet to which Troubles are oppoſite, is 
that in which we are deſirous to caſt off the Yoke 
of Bondage; therefore thoſe 480 Years, which the 
Holy Writ numbers from the going out ot Bgypr. 
to the laying the Foundation ot the Temple ot 7 - 
ruſalem, we explain thus. 


M N Aloſe $ 
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| {Years of every, Tears of cars of ff 


Moſes Go. ones Reign. | coilefted ſworideollettee 
verned in the 8 IP bY 1 F i 
pleat Years | RS I 

Foſhua, and} FRE 
Fiders of th 5 

n | 2 4 | 10. 
People, in the 18 x: ED | 2510. 
an. -4 | | RE 
nil. 39% . -j- 2485. 
Eliud. i 80. 177. 2629 2 
Debora&Barac.) 39 3. | 2164. | 2669. 
Abimelech | 2.. 259.” } 291%, 
Fair. 21 2 | 303. 2755 8 
7 2 „ 2608724 8360 
22 9:4 ie. eee 
Eleon. 10: | 326 1 2779. 
Abdon. = | 334 4. 2787 
Sampſon. 20. 354 - & J 2807 
2 39 * 394.2846 — 
Samuel. 26. 420. 2872 x, 
281 15: 435 3. | 2888. 

2 2 . [ 2928. 

To the lay 475 5 9 
ing the hor 4 
dation of the r_ REY Ten yas 
Temple by So- 3 8 479 29312 
lomon. 8 a | 


For in the beginning of the following Year, from 
the exit 480, in che ſecond Month, the Temple 
began io be Built. 1. Kings, and the 6. 


A 


ii from 


2. The ibution 
Years e of eg 2 | 
3. The time of the] 0. 


4. The R ey —e ; "of N 35 
5. Of David 
6. Of Solamon, to the lying hey | =D 
Foundation of the * 3 
he Sum 


9 * a © 
# = 
* . 


— 479. 
After Shich, in! the Year 480 from the t. wy 
the ſecond Month, in the Fourth Year of Solomon, 


the Temple v Was IS Built. 


i 


CHAP. VL 


Of Interoe! EY V. * rom the living the Furs 
2 of rhe Temple, 70 ſro Ruin 2 the ſame. 


HIS In or Diſtance is ſought oor fon 

Holy Writ with much difficulty, which omirg- 
the lefler 1 of Times; and ſince Fathers and 
Sons ruled together, or the herregnum happened 
between the Tears of the Father, and of the. Son, 
or not the length. 


We proceed thus. 


* 
*. * 
— | — — — — 
— — — 
— — — 2 9 - 
* 
, . EF + 


_ 45 f . 
gns Yeas "of 


ter the Foul Collected. . colleſted 
dation of the | 
37. „ 2968 4. a | 


77 
Mm 2 Aſſa 


2 w 
may, Rei 5 
ty by lle 


ed Rei 
7 gu, years 6 
/ * 
33 


all 
with | * 
his Son . 


fia, alone. 
37- 


Am 
aſia, with hi 


Father 
26, in aff | 
29. 


of Years of 
CE ee en ee 
| : thee * 
12 1. 209 5 | 3141. | 
2. 261 J. 3193. 
15. | 276% | 32208. 
13. 289 1. 3221.1 
EY 1 316 + 248 
Manaſſes == 27. 310 *. os 
ed with hisFather i 
55. 371 1 3303. 
2. 373 + 3305. 
31 3+ 405. 3336 3+ | 
3. |  0$ & !|-} - KS 
11. | 416 „ 227 1. 
| + 416 | 3348. 
| | 427 4. 3339. 
ut t this D 8 Burnt the Tem- 
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1 and 28 ity of Feruſalem, and carryed away 

the People into "the Babylonick Captivity. 
£4-Years of every Years of Reigns Years of the 
her the) ones Reign, | Collected. {world colledt. 
| 
$9 37. 2997 . 
| | King of Wal, 1 
„ 
E M m 3 rrom 


' Fereboamt, U. King | 


of Iſrael. 
From 
II. to 
of Juda. 
From V 
Peka, K. 
From Peta to, 
Ahax, K. of ada. | 
From Atax 
Oſea, R. of Iſrarl. 
From O/e: 
to Hiskub, K. 


ot Fade. 


Iſrael.) 


4 ane ane en * 


Viet In. Ch. vi. pn, 45: 


Appendix. 435 


From the Building 


* 
* 
3 


—— — . 


427 2 3359. | 
, Af this Interval or Space of time may be moſt 
briefly accounttd thus, from Ezekiel 
From Founding the Temple, ro the divi- | 

ding of the Ki -_ into the Kingdom of 37 & 

Iſrael, and of Years ——: — 

Hence — — Babuchen of the Temple — 390. 


— ANGIE ono 427 Ss 


— 


r 


* —— — 


CHAP. VIL 


The demenſtra rg 0 = remaining Intervals, from 
the Rain of the City until now. 


N the fiſt Deſt 4 of the Temple by Nebu- 

chadxezar, the * Account of Scrip- 
ture is choug a to leave oft; and perhaps, if we 
would Account by Civil Years, it would be ſo: for 
by this means the Chronology would hardly be con- 
tinued, unleſs we join Foreign Hiſtory wi eh Sa- 
cred. But if weadmir the Myſtical Years lately de- 
tected, each of 343 Days, of which, 7 days conſtitute 


Par of days, Seven ſuch Weeks, a Weekly 


7 Months one Year, 7 Years one Annal, or 


pear ear, 7 of the great, one greater, 7 of the great- 


Mm 4 r 
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4 
„ 


| Book Ill. 
er one greateſt, and 7 of the greateſt one Age; 
3 Ages waſte all the time of this preſent Wo 


but 
xd: 


1 ſay, if we uſe theſe Myſtical Years, we may 4 
ceed without offence from the Fundamentals of Ho- 
ly Scripture, even to the laſt Deſtruction of Feru- 


alen, in this manner. 


The Babylonicꝶ Captivity 
dured Years. | | 

Hence to the ſecond Vea. 
> OG Born _— 2 
the inning of Daniel. 
Weeks. a 

To the Reſtauration of the 
Temple, 7 Weeks 

Hence to the Paſhon of 
Chriſt, Wecks 62, Years. 

Hence to the confirmation 
of the Covenant, Weeks 1. 
I Ears. 

Thence to the beginning of 
the eib War, hilf of the 
greater Week cotnpleat. 

Hence to the laſt deſtructi- 
cn of the Temple, and of the 
City of Zeru/atem. 


Feiice to the Year of Chri- 


lian Epocha 155 2. 


Compleated 


_——. 


1 Civil ( Yearsofthe 
cars, | Years. wg 
70. 55 3424. 
126. ak 3543. 
49. [46- | 3589. 
434-[497%| 3996 K. 
3 L. | 4004+ 
28. 263. 4030 4. 
4+ Þ 4034, 
(684 [1 581. 5615. 
3 


CHAP. VIL 


Another Comput at ion of Tears of the World, from the 


hen:nnmng of thing 


* 


by bar Monarchies. 


* 


— — 


s. even to our Times, deduced 


1. From 
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ROM tet 
. the end of by” 
3 Fr che Flobd. . : 
ginoing of whe fiſt. 4 
conſtitu 
in Oaldea or Aſſy ſo. 
From the beginning 
falt Monarchy, to be firſt Divi- 
ſion of it 0 A rigzs and Medes, 
under Sardanapalus. . 11360.|. 3089. 
4. From this firſt Diviſion of . 
the Empire, to the new Baby/o-| e 
niſb 1 or the Æra of | 
Nabonaſſar. 1272. 3216 1. 
rom the beginning of th | WY 
Baby loniſh Government, ro Ne & 
buchadnezzar the Great. 123. 3339. 
6. Hence to the beginnin 2 
Cyrus, the Founder of the | 
y Monarchy. J 63.] 2402. 
7. To the Vanquifhment oy N 
Cyrus Darius King, and the Sta-“ * 
bility of the Perſian Monarchy. | 5] 3407. 
8. To Darizs Coloman, the laſt | 
King of the Per/tans, overcome 
by Alexander the Great, and the 
Monarchy of the Perla ans Tran. 
ſlated ro Sor Greeks. | 225. 3533. 
9. Hence to the Death of A. 
lexander the Great, and the Mo- | 
, narchy of the Greeks cut or rent 
in 4 viz. The Kingdom of 
F the Syrians, Afians, Macedoni- | 
f ans and Egyptians ; Years. 6 .| 
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10. To Demetrius Polyorce-[Years of Years of 
tus, the King of leſſer A/ic, over- — 
come by the Son in Law of Se- FEY 
Jeucus Nicanor, and the joining 
the Kingdom of A, to the 4% 1362 
Tins, 36 2. 
-. 2, Io Be. By by Ro 
manus Perſia, the ag Os. 
the Macedonians, and the 
ſlating the Kingdom to the Ro 
mans, I9. 
12. To Tigranus, left Naked 
by the Romans in the Kingdom o 
Syria, and the Kingdom reducec 
into a Roman Proyince. 99. 
13. To Cut Falius Ceſar 
the Builder of the Fourth Monar- ! 
chy, the Reformation of the Ca. 
lendar. | | 
14. Hence to Antonius wi a. 
Cleopatra, Queen of the Feypri 
ans, „ by AA ur, andd 
the Roman Monarchy eſtabliſhed.] 14 4. 


3894. 


3918 .. 


3933. 


15. Te 


I6. To Gu 


tine gel 
— the ſt © 


tion o 


19. To Rudolpbur Hab-| 
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_EPITOME + 
GE OGR APHY. 


The PREFACE. 


1. FNEOGRAPHT is a Doctrine ſhewing the Rea- 
G ſon of Diſtinguiſhing, and of Meaſuring the 
Zart 


2. The Handling of it may be Inſtituted in a 
twofold manner, one of which is Hiſtorical, and the 
other Mathematical. | 3 
2. Hiſtorical, purſues liberally all the parts of the 
Earth, and of the Water adjoined to it, and declares 
whatſoever it hath iar or worthy of obſervation. 
4. Mathematical, is content with the more gene- 
ral diſtinction of the Terrene Globe, chiefly 12 
ing the Dimenſion of it. | 
5. This our preſent Epitome will be ſuch, which 
being known, a way will be prepared to the Studi- 
ous, b 2 with profit, ſince it tends to the 
8 4 of Globes and Geographical Maps, 
as well as to other things which appertain to Geo- 
graphy, delivered by others. 
6. For Terreſtrial Globes and Geographical Ma 
are Inſtruments, in which, all things which are deli- 
vered by words in Geography, are ſubjected alſo to 
the Eyes; the uſe of which alſo we ſhall explain, as 
much as the reaſon of the Order will permit. 
7. And there may be two parts conſtituted of Ge- 
oraphy, 1 Pr 3 
| the Diſtinfion. 
II. Of the Donenſon $Of the Earth. 


* 8 * * * A 
' 1 . 2 * 1. . 


GEOGRAPHY. 
PP AMA KS. 
Of the Diſtin®tion of the Earth. - 


2 OMAPL 
0 the Earth, and the ways of diſt ingwiſping i it. 


HE Bape Geographically confidered, is a 
adjoined with Water, conſtituting one 


Globe, nad fel the more excellent part is called 


19 7 made ion of the Earth before i 
e have ee Dee the Earth clearly m 
the Aſtronomical / 


. Diftindions of it are taken out. 
1. r 

2. From the Coaſts of the World. 

3. From be droerfity of Habitations. 


From the „ N I= Circles. 
12 es a ſeven fold diverfity, to wit, 
in the Ratio or Proportion. 
a double Hemiſphere. 4. Of Shadows, © 
2. Of Zones. : 5. Of the Site of the Inhabitants. 
3. Of Climates, _ 6. Of the diverſe ſituation of theG lobe. 
| 7. of * and Latit. of places. 


_ XY 


—— — 


CH A p. l. 
of ile ] Diftinition, from Integral Parts. 
NTEGRAL Fans eos ccher of Dey or of 


Wet. 
I Of 


J. 
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4. Iſthmus, or a 
between two Seas. TE” 


* 3% 3 


1. The Sea. 2. Sinus, or A Baſam ar Gulf of 
the Sea. 3. A narrow Sea between two Lands. 4. A 


Port, Haven or Harbour. 5: A Lake or ſtanding 
Pool. 6. A ſtanding Water. 7. A Fauntain, f. M 
River. 9. The Month of a River, . 

(All theſe want not more accurate, Definitions and 
Deſcriptions, ſince the Significations of the durde 
themſelves, explains the things obyiolis enough every. 
where , unleſs that the Sea every where encompùſiag 
the Earth, is called the Ocean, the,atbers recerntng 
a rp from the Site, or of the place which it flows 
nig 10. 5 ien! e 


Of the ll Diſtiactius, from the Coofts of the World 


1. NF the Coafts of the World, Four gre 
24 3. 4) r 


1. E 
2. Weſt. 4. South. + EK 
2. * Earth are called.” * 
1. Eaſtern or Oriental. 3. Northern or Septentri mal. 
2. Weſtern or Occidental. 4. Southern or Merians“. 
3. And indeed, eicher abſalutgly without reſpect, 
if the whole Globe be conceived in Mind, or reſtrict- 
ly, with reſpett of certain places: in let Rurio, 
one Region, in reſpect of this, may be Eafters 
Northern, in reſpect of another place, it may b. 
Weſtern or Southern, 
| 4. Theſe 


Rl. x G. 
ann 


Bi — 
1 rom your ou have 
, ach the Weſt. 
* 3. u | the North. 
4. On your Ri nd, the South. 


II. From be bolding the Pole — in the Tail of the 
_ Leffer Bear. 
For then is. 


1. The Eaſt on your Right Hand. 3. The North before , yau- 
| The Weſton your Lf Hand 4+ parc a 


————_—. 


— „ 
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CHAP. IV. 


be ark, — * of all Men, 


four parti may be conſtituted. 
IJ. The Earth mar ort bern. Africa. 
N. The Earthrunder $8 Southern, IV. The c -—_— 


ds 1 
e 


the Site of theſe, turn your 
mk — the i and you will have. 
1. From the Front, the Earth under the Northern. 
2. On your Back, under the Southern and Africa. 
3. On? your Right Hand Afia. 
4- On your Left Hand America. 
5- Europe is that in which we dwell, and which 


encom ede en e 


CHAP. v. 
Of the Earth under the Northern. 


TE Sub Northern Earth, is a Tract of the Ter- 


Gl th North Pole.or Northern. 
0 * * The 


— 


x FEELS =. . 
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% * 


* 


. ee Book: Ih 


0 H A P. VL | 
Of the Sub Southern Earth. 


HE Earth under the Sourbetu, is 4 Tract ofthe 
Terrene _ nigh to the South Pole, or to 


the South. ; 
Tis alſo called Terr i Magilanice, from its firſt finder Magel- 


lanus, in which | the Promontary of the Sub- 


auſtrale Earth, the Region of Parrets; Lucah,. Beach, Malctur, 


F not as yet known. 
5 —— 


CHAP. vü. 
Of the New Orb or Moria. 


 & ARES alſs is called This New Orb, þ 2b rent Por 
tion of the Earth, fituate to us bey 
wards the Weſt ; found out by Chriftopher . either firſt 
or anew, about 2co Years ago, 
V-ſputis, who detected the further part of it. : 
2. Its Terms or Limits are. 

1. On the Eaſt, the Atlantich Ocean, and the Ethiopich Ocean. 

2. Onthe Weſt, "Mare Pacificum, or Zur. 

3- On the North, Terra Saborcalis. - 

4. On the South, Terra Subauſtralis. 

3- Tis diſtributed generally into Northern and 8 con; 


joined by an Ifthmus, of which that is poſſeſt by the Mezitans, 
Th is by Perwvians or Dariens. 

4. The North part of America at the Weſt fide, in paſſing from 
the North towards the” South Eaſt, from thence to the North 
Eaſt, in aſcending on the Baſtern fide, the more excellent Ki 
doms and R are : The Kingdom of Ariana, Quivirana, T, 
mia, Nova Granada, Nova Gallecia, "Nova Hiſpania, Mexicana, 
Guatinala, Fondura, Nicaragua, Jucatan, Florida, Virginia, Nova 
Belgia, Nous Francia, Canada, Terra Corterealis, Labwatoris, and 


Eftetilandia, more Northern no Body hath yet founq; out. 
» Ameris# 


3 


and detiominated by Americus 


part ECh:VIE! - of | Americe.  - 

5. Ametica or the South part, by the compai 
the Sea Coaſt, returning from I/thmus to Hb. 
contains the Provinces, Cæſtilia aurea, Derient, 


2 Peruvia, Cuſcana, Carea, Chicha, Paragonum 


gionen, Chila, Braſilia, Caribana, Guiana, and 
Cumana : But thoſe Regions which are in the very 
middle no Man yet knows ſufficiently. > 

( The leſſer Regions of either muy be ſeen in 
Maps.), 


CHAP. vm. 
Of the old Orb, eſpecially Africa. 
I, 4 is a great Portion of the old Orb, to 


us Europeans tis ſituate beyond the Medi- 


terranean Sea, towards the South. 
| 2. Its Limits are, | 
1. On the Eft The Arabian Gulh, or the Red Sea. 
2. On the Weſt. The Atlantick Ocean. 
3. On the North. The Mediterranean Sea. 
4 On the South. The Ethiopian Ocean. 
3. The Ancients did not penetrate to all the 


knowledge of this, therefore the Maritime and Me- 


diterranean Regions found out, number thus; 


That from the Eaſt to the Red Sea the firſt Region, 
v called by them, Arabia Troglodytica : But to the 
Mediterranean Sea, the ſecond, Egypt : Then to- 
wards the Weſt, the third, Orenaica: From thence 


the fourth, Africa the /eſſer, or proper ; with the' 


fifth, Numidia : Hence the fixth, Mauritania Cæſa- 
rienſis, & Tingitana, to which the Mediterranean 
adheres, to wit, to Egypr-rowards the South: Se- 
venth, Erbiopia : But towards the Weſt, eighth, Ly- 
dia the broadeſt extent, between which and the other 
N n Maritim 


of G EK6G-R 4 PHY: | Bogk Il 


em Places there lirs the Regions of, ninth 
| Garamantum, Tenth, Troglodytarum , . 

But at this time, all Africg is divided princi- 
vally into ſeven Regions, of which theſe are the 
names, counted by us, by the coaſting of the Sea 
I. . ary. 3 dulgerid. þ 


& pag. 6. 4 


the 
ery middle, viz. 7. Ihe Deſert Sarra. 
5. Egypt at this day is not divided as in old time, 
into Governmems or Provinces, although the Pro- 
vinces of the Ancients contain now under themſelves 
ſomewhat more parts; from the Mouth or Entrance 
of Nylns to both Shoars of it, it extends to an hun- 
© ot the Count 
= , 15 the contain! 115 
of Barca, and the Kingdoms of Tunic, Tremiſen, Fez 
8 rocco, and the Darenſes, ſo called from the cheif 
ities. | 
. Buledulgerid having its name from the abundance 
of Dates, tis the longeſt᷑ Tractof. Land, from the Alan. 
ticꝶ Sea to Egypt, continued all along thro the Medi- 
terranean places, and is divided into fix * 
Zanbaga, Zwenziga, ( fometime Hair) Targa, 
Lempia, - Goaga, having by- names in like 
8. Negraland, or the Region of Blacks, it derives 
its name from the River Niger, which waſhes it; 
from each fide of the Mouths of which Meroen 
( Gueguere 1 is extended the Iſland of Ny“As, in 
which the Kingdoms are in like manner denomina- 
ted from the Cities: Gualata, Hoden, Geneboa, Se- 
nege, Tombuti, Melli, Bironia, Guinea, Tonian, Duu- 
ma, Cano, Caſſena, Benin, Zanfara, Guanguara, Borno, 
Nubia, Bi rg Mobs, | 
9. True Ethiopia, or the Inferior, is that Thank: 
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1 eg which joining to the 1 4 Africa on the 


North, is enc on eyery {id the Sea on 
the Weſt, South and _aſt 4 the ci Regions of 
which are, Congo, Monomot apa, Zangibar, and A jana, 


> BE which again are ſubdivided into more, concer 
a — _ confult Globes and Maps. me” 


; the Abyſfines, is part of Afri- 
a 77 "which is Empire o the the Eaſt by the Arabian 
e 


Hare, and by the Regions of Fthiop Ajana and 
Zangibar ;, on the South, by Monomotaps 3, on the 
We Gap o and Medar ; on the North tis inclo- 


ſed by whe and Egypt and *ris ſubdivided into 


* 
5 W many Provinces, vis. Dafila, &c. 
e 
* 


11. Sarra, which we have called the Mediterra- 
nean, is all that Space which extends thro* the mid- 
dle of Africa, from the Eaſt Kingdom of Gaoga, even 
bd che Welt I Gualata, tor the he moſt p: deſerted, 
„ WW whence alſo it receives its name, and is called the 
it $4 of Sarra. © 

the Iſlands of this Region, the maſt 
Ce wi are thoſe which at this are ' called the 
N 


- WH Canaries, but of the Ancients, the Fortunate 
li. Hands. | 

15, In this place the Ancient Geographers placed the 
4, Ast Meridian, from which, the n have retired 


ke W back Ten Degrees. 
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CHAP. IX 
of ASIA. 


$14 is the greateſt Part or Portion of the 

old Or b fituare indeed to us, towards the 
Eaft, but ſtretched out by a long Trac into the 
North and South. 


Nn 2 3 
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2. Its Limits 
1. On the Eaſt, The Ocean of Chinenſis. 
2. On the Welt, The River Tanais. 
3. On the North, The Tartarian Ocean. 
On the South, The Indian Sea. 
3. 1 may be diſtinguiſhed according to its ſtate at 
this time, into ſive vaſt Empires, to which ſome Re- 


gions ſituate to the North-weſt, and the South-eaſt, 


N with many Iſlands, may be brought into the 
4. We ſhall reckon up theſe frve Aſiaticꝶ Expires, 
by going round about, from the Weſt by the Tract of 
the Sea Shore to the. Weſt; to wit, the Empire, 
1. Of the Turks. 2. Of the Perſians. 3. Of the Mo- 
gul Indians. 4. Of the Sinenſes. 5. o the Tartari- 
ans, with their dependancies, as be ſhewn in 

its place. RE | | 
5- We diſpoſe the Regions of the Turkiſh Em- 
ire in A /a, into hve Claſſes or Forms; for they are 
ituate, either firſt between the Caſpian Se the 
Elack Sea,; or ſecondly, between this it ſelf, and alſo 
the Egear Sea, and the Medite@&anean, even to Eu- 
phrates ;, or thirdly, between this River and the fur- 
thermoſt eaſtern part of the Mediterranean Sea ; or 
fourthly, between the Gulf of Arabia and Perfia , or 
fifthly, about the Tract of Euphrates and Tygre, 
6. Between theB/ack Sea and theCoſpran — 
down to the Banks of this, from the North towards 
the South ; the Countries in old time were called 
Albania and Iberia ; of which at this day, that is 
called the Eaſtern Georgia, this the Weſtern , which, 
notwirhitanding, is called Balburt, where it extends 
it ſelf to the Black Sea ; To the Eaſt and North 
Shore of which, in old time, Colchis was ſituated, 

which is now called Mengrelia. 

7- To the ſecond Claſs or Form is referr'd the leſſer 
Aſia, which at this day is called Natalia; in med 
om 


0 = az 
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from the Eaſt of the Black Sea, towards the Welt, 
lie the Maritim Regions, 1. Cappadocia. 2. Paphla- 
gonia. 3. The Black Sea. 4. Bithynia, to Phoſphorum, 
 Helleſpontum, and the Egean Sea. F. Ihe /eijer Tp 
gia. 6. The greater and leſſer Myſia. 7. Aol. S. lo- 
nia. 9. Caria. Io. Doris: To the Mediterranean Sen, 
11. Lycia. 12. Pamphylia. 13. Cilicia; to whick ad- 
joins, being ſituate in the, very middle, 14. Galatia. 
15. The greater Phrygia. 16. Piſidia. 17. Lydia, and 
18. Armenia the leſſer, which touches Euphrectes - 
Although at this day theſe Regions are expreit by 
other names. | 

8. To the third Claſs, or Form, belongs Syria; 
which is divided into fix Regions, tour of which 
touch upon the Sea, to wit, in going from the North- 
eaſt towards the South-welt : 1. Amicchene. 2. Pho- 
nicia. 3. Paleſtina. 4. Idumea : But two, viz. 5. Ce- 
ene, and 6. Caleſyria extend to Eupbrates, that 
© I bends towards the North, this towards the South 
0 and Eaſt; concerning which, the greateſt part is 
Leſcribed, not only in Prophane, butechiefly alſo in 
de Holy Scripture. a * 

9. Arabia, conſtitutes the fourth Claſs, or Form, 
which is threefold, to wit, I. Felix. 2. Petrea. 
or 3. Deſerta; of which the firſt is the greateſt, the 
greater part ſituate beyond the Tropick of Cancer, 
and hath its name of lage from the excceding 
Fruittulneſs thereof: But Perrea extends it felt to 
the North and Welt, as the Dęſert doth to the North 
and Eaſt. 

10. To the fifth Claſs, or Form, belongs, 1. Cha/- 
dea, (at this time Cha/dar ) touching the Pcr/ian 
Gulf. 2. Meſopotamia, which according to the En- 
Phrates, is called Aliduli; by the Tigrims, Diarbech: 
3. Armenia the greater, extending to the Ca/prun Sea, 
waoſe North part is now called T.-rcomenn, the 
middle part Pep, the Southern part Cd. 4 

Nn 2 11. The 
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11. The Perſian Empire approaches next towards 
the Eaſt, whoſe Provinces may be diſtributed into 
two Claſſes : In oy firſt of _ — I, OO 
2. Carmania. 3. Perſia, pro peaking. 4. Suſia- 
na. 5. Aſſyria. 6. Media. * ſyrcanig. 8. Margia- 
„d. 9. Bactriana; which from the South- eaſt join 
themſelves by a Semicircle, even to the North-eaſt : 
lu the other Claſs, are, 10. Parthia. 11. Aria. 12. Pa- 
ropamiſus, 13. Arachoſia. 14. Drangiana ;, which 
-are firuated in the very middle, in going from the 
Weft towards the Eaſt and South, and all of them 
at this day, have names altogether differing from the 
Ancients. | 
12. At this time the Perſian Empire bel to the Indian Mo. 
zul, which poſſeſſes a ſmall part of old Scythia, and the greateſt 
pre both the Indies; ſituate as well within as withoutGangen,and 
44 Regions, accounting ſeven Series, in 12 
the North towards the South, which the Map ſhews : beſides thoſe 
Provinces and Kingdom of India, not as yet ſubjett to the Great 
Mogul ; amoag which theſe are the moſt excellent, Decan, Narſinga, 
Fen, Malacca, Camboja, on the Continent, with great plenty of 
8. 


13. The uttermoſt Empire of Afia towards the Eaſt, is Siſenſe 
( with the Peninſula Corea) encompaſſed on every fide, by the Sea, 
y a Wall, and by Mountains, and it hath 16 Provinces, numbred 
oft conveniently faom the North towards the the names 
of which the Table likewiſe will ſupply, which you have at 
the latter end of this Tract. : 
Ih There remains the Tartarian Empire, which contains the 
moſt part of all Old Seythia, and within and without, the Moun- 
tun Fnavs, among all the Regions of Aſia, leaſt accurately known, 
yet is wont to be divided into five parts, of which the 1. is 
Cathaza, nigh the North Gulf: 2. Old Tartarie, or the True, 
nigh the River Tartar, in the furtheſt Northern Part of 4%: 
3. Tu-coeſien, nigh the Empire of the Perſians and the Mo 
gals: 4. Zagataya, nigh the Shoars of the Caſpian San: 
5. The Turtarian Deſerte, cut into eight parts on this fide aud 
beyond the Mountain Iman: which touch upon the utmoſt part 
of a Provice in obedicnce to the Ruſſians, they extend even 
towards [wrkey. 
(Vos we proceed to Palzſtina, and then to ; for the 
of both, che Tables will truly note, which we ſhall ſubjain at the end 
vf this Trad. 


CHAP. 


part I. Chap. X. Of Paleſtine. $5: 
nr x 
| Of Paleſtice, or the Land of Canaan. 


Thune of it, as above, hath been moſt | 
Ancient; which Land of Canaan was 

ſed by Canaan a Grandſon to Noah; and P [eftina, 
by 2 Philsſtines, which deſcended from Misraim, 
another Grandſon of Noah, eſpecially treated of in 


Hol 

The particular rien of it were named from 
each People that inhabited them, which are recued 
often times in ture. 

But after that God had inſtituted Abraham, Iſaac, 
Jacob or Iſrael, and bis Pofterity the Iſraelitet, Heirs 
pep moſt fruitful 1324 4 way alſo called the 

4 raiſes the Land of Iſrael , the Holy and 
Jo much Ak aſe this People was 

pork cam Breet + God; as becauſe the Hol 
th wes, Chrift the Redeemer of Mankind was Born 
in this Land, of this People; in which alſo the moſt 


Holy Holy Offerin, the Redemption of Mankind was per- 


2. And this Land was ſituate towards the Eaſt, to the Eaſtern 
Mouth of the Medirerrancan Sea, but bending - by oblique Tract 
on the North part, towards the Eaſt ; and on the South part to- 
wards the Weſt. * 

dec entry was more in Length than Breadth ; in length from North 
to South almoſt 40 German Miles, that is, 150 Engliſh Miles : In 
Breadth from the Weſt rowards the Eaſt, about fifteen German es 
that is, 60 429 Miles. 

+ The Limits and Terms of it were, 
1. On * al, The Mountainous Ar abia, Gilead and Hermon. 
2. On the Weſt, The Eaſtern Mouths of the Mediterranean Sea. 
3. Onthe Nerth, Phenicis, and the Mountains of Libar.on and 
Antilibanon. | 


4. On the South, Egypt, Idumia, and the Rocky Arabia. 

4. The Midland, was divided from the North to the South, by 
the maſt famous River called Jordan, which albarded the firſt 
Holy Water of Baptiſm. 


No 4 5 This 


the Sea of 
But at laſt diſcharge themſelves 
into the Lake Aſphaltis, or the Salt and Dead Sea, 
where Sodom and Gomorrha ſometime were ſituate, 
which divides in two in the middle, the Land beyond, 
even to the ends of Idumea. = | 

Bef re the Iſra:lites paſſſed it, the Philiſtines 
and the Sidonians inhabited it, from the South towards 
the North, to the Weftern Entrance of the Mediter- 
ranean Sea: The Hethites inhabited the Midland on 
this fide Jordan, as did alſo the Amorites, the Jebu- 
fires, and the Hivites : Beyond Jordan imbabited the 
Moabites, the Ammonites, and the Inhabitants of the 
Country Baſan : But after that the Iſraelites bad ex- 
pelled and ſſain moſt of the inhabitants, they overcame 
this Land by a violent band, and took it, and it at- 
tained another form. | 

5. It was divided into twelve Regions, between 
the twelve Tribes, the twelve Sons of I/rael, (ex- 
cept the Tribe of Levi, and the Tribe of Feſepb, be- 


ing numbred for two.) | 
/ the diviſion 4 which, being male by Lot, this 
w2s the Ratio or Proportion. 

1. The lower part towards the South, . hetween 
the Meditcrranean and the- Dead Sca, was allotted 
to the Tribes of Fudea and Simeon: The next from 
theſe, to Don and Benjamin; to which adjoined E- 
phram and halt Manaſſes. 2 

From theſe towards the North, there followed 
the Tribe of Iſſchar, from hence, of Zabulon : The 
remaining Land even to the Northern Limits, was 
po. ſeſſed towards the Weſt by the Tribe of Aſer, 
and toward: the Eaft by the Tribe of Dns 

R - 43 2. * 
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2. Beyond Fordan on the North part of the Land, 
about the ends of it, was poſſeſſed by the Country 
of Baſan, the other half by the T74be Manalſes; 
that which follhwed in deſcending towards the 
South, was the Tribe of Gad; and laſtly the T7:be 
of Reuben, even to the end of the Land of the Moub- 
ites, who remained in the poſſeſſion of the Land by 
Divine Command. 

3. The Tribe of the Prieſthood of Levi, were in- 
termixt among them all, for the conveniency of 
teaching the Duty of Religion, as alfo among ſome 
of the firſt inhabitants, who were nor driven our, nor 
put to the Sword. 


6. The Neighbourhood of People, and thoſe that poſſcſt the 
Land of Paleſtina, were, 


1. On the Eaft, The Moabites, the Ammonites, the A rians, 
the Chaldeans, the Babylonians, the Perſians. 


2. On the Weft, the Inhabitants of the next iſlands of the 
Mediterranean Sea. 


3. On the North, The Syrians and the Phenicians. 
4. On the Smth, The Arabians, the Idumeans, and the Egyp- 
tiens; 

7. From the diviſion of the People after the death 
of Solomon the King, Paleſtina was divided into two 
Kingdoms, one of which was the Kingdom of Vudea, 
the other was called rhe Kingdom of e To wir, 
The Denomination being made from the former puri, 
for the Tribe of Benjamin was alſo under the King- 
dom of Judea, an the Tribe of the Prieſt hood of Levi; 
as alſo imeon, tehich was mixt with the '[r'l-c 
of Fla But the reſt, of which there were many, 
retained the name of Iſtaelites. | | 

8. The Metropolis of the Kingdom of /uel was 
Samariaz and of the Kingdom of Zzdea, che chief 
City was Jeraſalem, built on four Mountains; that 
towards the Eaſt was the Mount Mor:;ub , in wh:ca 
the Temple was ſituate: Towards the Weit was the 
Mount Acra : Towards the North, the Mount He- 


zetha: And towards the South was Mount S2, 
with the Royal Ark. ie 
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The City therefore was very Spacious, which con- 
rained in its compa oſs more than a German Mie, or 
more than Four Engliſh Males. 

9. From the tits ful Bebe ing of Md wat 
ſtroyed, although the whole y called by the 
Name of Judea, yet more eſpeci ly it was d. vided into the Coun- 
try on this fide — beyond Jordan. 


10. That which lay on this fide Jordin, was 
ſubdivided into 3 parts. 
1. Fadea, ſo called in particular, ſituate towards the South. 
2. Galilea, the Upper and Lower, towards the North. 
> Samaria, lying between Judea and Galilea. 
11. But beyond Fordan, was fituate — — 
and n and Abilene towards the "_— 


ä 
— 


8 


CHAP. XL 


Of the Regions of Europe, even to Denmark. 


1 is the Weſtern Tract of the Old Orb- 
the better part of which lies under the Ten 
perate Zone, towards the North, yet ſomewhat run- 
5 out to the Frigid Zone of this Coaſt: But be- 
cauſe we Inhabit in it, it will be worth our while to 
Diſcourſe of it with ſomewhat the more care. 


2. The Limits of it, by which tis encloſed, are, 1. The Me- 
diterranean Sea to the South. 2. To the Wel Well, by the Ali 
pf 3- To the North, by the North Sea, Sub Saut bern 


ad. 4. To the Eaſt, by the Rivers Oh and I. like wiſe 
— 204th the Age Sea, where or 
Cure rn 


. The = e excellent Provinces of it, which af- 
| mas were ſubdivided, may conveniently be thus 
reckoned up: As from Tandis and the Black Sea, 
towards the Ægean Sea, and fo on, going a com- 
paſs until you return to the ſame Black 4 again, 
which is the Claſs of the Exterior Provinces of — 
rope. Then 2. appears the Interior, 112 
trom the ſame Black Noce, towards the eſt, to Ger 


many ; 


mg 2 «ck IC «SC. — 
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#4ny; and we ſhall number the Provinces of Eu- 
rope, in all XV. and thoſe in this order. 1. Tarra- 
ria Precopenſts. 2. Turcia Europea. 2. Liyricum, 
or Sclavonia. 4. Italy. 5. France. 6. Spain. 7. 
Brittain. 8. Denmark and Norway. 9. Sweed- 
land. 1%. Ra. 11. Polonia. 12. Dacia, or 
Tyunſilvania ay " Moldavia. 13. Hungary. 14. 
| Bohemia. 15. Germany. en yt th f 

4. Tartaria Preæcopenſit, is the furtheſt part of 

E + towards the A .in Empire, adjacent to the 

Black Sea, which hath its Bounds on the Eaſt, by 
the River Tanis; on the South by the ſame, with 
the Moory Dead Lake and the Black Sea; cn the 
Welt, by Boryſthene, a River of Poland; on the 
North, by the Raſian Empire. 

8. Tattgry, this ſame may be divided into 3 parts, of which 


the moſt Southetnly is, it. A Peninſula, to wit, Cher ſene ſia Tau- 
fica, bounded only bythe Black Sea and a Neck of Land. 2. The 
by this Neck of Land and the Black Sea; 


moſt Weſtern, bou N 
moreover by Boryſt bene, then encom by the Barricado alſo 
of the leſſet Tana. 3. The moſt N Moory Dead Lale, 
Medtide, of Tanais the greater and the leſſer; and allo by thoſe 
Batricades encloſed even to the Mountains; but a more accurate 
cal Knowledge is here wanting. | 

6. Europran Ve, is a Tract or ſpace of Land, from the Black 
See towards the Weſt, next to certain whole Regions, ſome of 
which contain a fifth part only : But we ſhall only Treat of the 
whole Regions here. noting the reft afterwards, part of which . 
the Chriſtians as yet Govern. 2 8 

7. And *tis bounded ou the Eaſt by the Black Sea, and Propon- 
tidem, or the Sza betwixt Europe and Aa, with the Arms of both, 
and by the en Sea. The remaining part on the South is 
bounded by the Agditerranean Sea, and by the Adriatich Gulf; 
on the Weſt, by ITyricum and Panmia; on the North, by the 
ſame, and Dacia, by which 'tis encloſed on every fide, and par- 
ticipates alſo of all things with th: Empire. | 

8. The intire parts of this Turkey are 2. 1. Thra- 
| fia. 2. Meſa. 3. Greece. The former of which at 

this day is called Rome, and is that Tract of Land 

| extended from the Bh Sea to Greece on the Weſt, 


incloſed by the Seas, by the River and Mountains 
; of Scardico. * 9. But 


L 
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3. But Thracia hath its Bounds on the Eaſt, 
the Black Sea, Boſphorws, Propentis and Helle 


on the South, by the Ægean Sea, and the Gulf 75 
monicum, (called the Gulf of Conteſa) on the Weſt, 


by the Kiver 3 and on the North, after | 


the Mountains Scardicos, by the lower Ma ſia. 

10. And the Diviſion of it may be inſtituted three fold, where, 
1. The greateſt and Eafterly part is, from the Black Sea to the 
River Hebre, 2. The Weſtern part is ſituate between this River 
and Strymon. 3. The leaſt and Southernly part is called Cherſo- 
ne ſus of bracia. : 

11. Meſia which is the Tract of , fituate 
on the Right Hand of the Shoar Mer, ſpreading out to the Black 
Sea, being bounded on the South by Greece and Thracis ; on the 
Weſt by Ilhricusz on the North by the Danube; and on the Eaſt 
11 alſo it was ſometimes called by the Ancients, 

"ſie. 

12. It was divided in Old time, and is now, into the Upper 
and Lower; of which that is the leſſer ſpace, and at this day is 
called Servi: This, is near 3 times greater, and is called Bulgaria; 
whence alſo the Diviſion of both may eaſily be adjudged. 

13. Greece now remains, which is a Tract of European Tur key, 
between the eas Sea and the Mediterranean, and alſo in part 
encloſed by the Adriatich Gulf, and extends even to Meſia 1 
which alſo on the North is bounded like as Thracia, and by the 
AE jean Sea on the Eaſt; on the South by the Mediterranean; on 
the Weſt by the ſame, and the foreſaid Gulf, with 1hricum. 

14. And Greece with us is divided into Macedo- 


nia, Theſſalia, Epirum, Greece, pro ! ſo _, | 
5 


ard Pelopone ſus, which again are fu 

wiich Macedonia, the moſt ſpacious, is Northern, 
and in Old Time was divided into 8 parts, which 
are called. 1. Albania. 2. Mygdonia. 3. Biſaltta. 
4. Paraxia. 5. Pelagonia. 6, /Emathpa. 7. Piecia. 
8. Pelaſgia. Notwithſtanding at this day tis onl 
divided into 3 parts, of which, 1. The North Eat 


iS Jamboli. 2. The North Welt is Albania. 3. The 


Southern is called Comelonitari. 

15. TDeſſalia of Macedonia is ſituate towards the 
South, and encompaſſed to 3 Coaſts of the World 
Ly Moantains, but on the Eaſt the Country RO 


* 
as 3 _ gue Mm 


PS. 


part I. Ch. XI. Of Europe 557 
ed by the Męgean Sea, which in 1 004 Time was di- 
vided into 5 People or Towns, to wit, 1. The The/- 
ſalians, pope a iy fo called. 2. The Eftiotans. 3. The 


Pelaſgans. Magneſians, and 5. The Phthi- 
otans: At this day tis called by one ame Janna. 


16. Epirus, is a Tract of Land f firuate by the Sea 
fide, beneath the Adriatick Gulf; in Old Time di- 
vided into 7 People. 1. Molo ans. 2. Dryopeans. 

. Chaoneans. 4. Threſprotians. 5. Caſſiopeant. 
6. Amphilocheans. 7. Acarnaneons. At this day 
tis called Canina, (thro? the error of ſome, Albania) 
and is divided from the other of Greece, befides 
the bounds of the Sea, by the Mountains Macedonia 


and Theſſalia, by the River Acheloo. 


17. Greece, properly ſpeaking, is that Tract which beſides the 
ſaid Provinces, 


as remains without Peleponneſ:s, ſometimes 
ng 8 33 which are called. 1. Atolia. 2. Doris. 


3. e 4 Phocks. 3. Megaris. 6. Attis. 7. _ 

and 8. ia. At this time 'tis 

_—_ "being bounded by the Mountains, bf the 2 
10 


18. Peloponneſins, is a Peninſuls, concerning which we ſhall 


ſpeak in the Table; in Old Time containing 6 Provinces, vx. 
1. was called Achaja. 2. Elida, 3. Meſſema. 4. Arcadia. 5. 


7 = 6. Argolica, which at ile Gay we cutie hy one Name 


19. Ihricum of Greece lies next, and is that Tract 
of Europe which is occupied on the better part 
the Adriatick Gulf, on the Northern Shoar, with 
crooked and winding Streams towards the Eaſt, be- 
ing bounded on the South by the Gulf it ſelt; on 
the Weſt by Ry 2 of Italy, : the Notth by Panno- 
ma; on the fre and Greece, whoſe upper 
part in Old Tine — 7 Liburnia, the lower 
part 8 but at this day that is expreſſed by 
Morlachia, i by its Old Name; although this 
Appellaticn allo is now common to the whole Coun- 


try, which ſometimes is illy called by ſome S/avonia. 
20, Italy agrees juſt to this order, the Tra of Land ſhooting 
out between the 4 FIT Gulf and tie r ma aing 3diterranean 


4 | Sea, 


. . 7 


Padum; in paſſing over which, 10. with your Face 
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Sea, even to the Alps, hath its baynds on the Weſt, by France ; 
on the North by Germany and the Adrigtich, Gulf; on the Raſt by 
the Mediterranean Sea; and the ſame alſo an the South, tagether 
with the Iſlands. | | 


21. Laly may be divided into the moſt Ancient, 
and belonging to the Frexch, but both taken together, 
in Old Time Strabo divided into 8 which by 
the leading of the Sea Shoars, we ſhall thus reckon 
up, viz. The next is to Iyricun, and therefore part 
1. Venetica. 2. Picenum.. 3. Apulia. 4. Lucazia. 
5. Campania. 6. Latium. 7. Thuſcia. 8. Liguria; 
under which divers le are contained; which La- 
ly was divided into XI. Regions by Azguftus Cæ- 
far, that which is the middle Diviſion of it, is more 
rightly remembred. | I 

22. In this Diviſion the Country or Region nigh 
the principal City, The 1. contained Latinos and 
Campanos. From thence 2. To the North Eaft, A- 
pulos, Pucetcs and Salentinos. Then 3. To the South, 
Calabros, Lucanos and Brutios. From hence 4. To 
the North Weſt, Ferentauot, Mauricizos, Pehgnos, 
Veſtinos, Samnites and others: Moreover, 5. In the 
ſame Shoar Picentes. 6. Umbros. From hence 7. 
To the South Weſt, Thuſcos or Erruſcos. From 
thence 8. Somewhat towards the North, Faventi- 
nos, Fidentinos, Padinates, and others. Hence 9. 
To the South Weſt, Ligures, and others, even to 


| y 
towards the Adriutick Gulf, Venetos, 2 Fapy- 
ger. Laſtly, 11. To the Welt occurs laſt Regi- 
on, between the A/ps and Padum, which contains, 
7 aurinos, Salafſos, Inſubres, Rbetos, and others. 
23. The neweſt Diviſion of Iraly is inſtituted in- 
to Lordihips, to wit, 1. Hiſpanica, or belonging 10 
the Spaniards. 2. Pomiſicia, or belonging to Bie 
3. Ducalia, or belonging to Dukes. And 4. Libe- 
ra. free, or not ſubjedt; among which the beginning 
of l at the A, and the eng of it at Sicilia, oc- 
. cupies 


=" 
* > 
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le z to wit, there the 
State of Mediolanenſis, this here the Kingdom of 
Neapolitan, in which on the Thxſcan Shore, are 4 
Ports and Cities. | | 
To the II. Claſſe belongs the Roman Eccleſi- 
ick State, extending to each Sea; and the Eccle- 
ſiaſtict State Ravennge, towards the Welt, fitnate 
on the Coaſt cf the Adriatick Gulf, together with 
the Diſtrict Bexeventan, near the very middle of the 
Kingdom of Neapolitan. 
25. The III. makes, 1. Piedmont, towards 
the Alpe, and the State. Mediolanent, belonging to 
the Duke of gd. 2. The Great Dukedom of 
Florence, ſituate on the Tx/can Sea. 3. The Duke- 
dom Mantua and Montferrat, looking on the left 
fide of the River. Po. 4. The Dukedom of Parmens 
and Placentin, fituate on the right fide of the River 
„Po. 5. Afterwards in the ſame place the Dutchy of 
Mutinens, (Modena) 6. The Dukedom of Urbin 
firuate at the Adriatick Gulf, between 2 Pontificial 
States; to which 7. may be added the County Mi- 
randula, which runs towards the aforeſaid Dukedom 
e eee 
0 IV. i I, ip o 7 t 
the Aiblatich Gulf, 2. Gets: at the e Sen. 2- Lavens, in ® 
Thuſcie, fituate not far from the Sea ; to which at laſt belong ſome 
Appendixes of Aria, of Rhetice, of Helvetia in Germany, wor- 
thy of remembrance. a 
27. France receives Italy, being leſs ſpacious now 
than formerly, conſidering that the Neatherlands, 
and whatſoever Regions occupy the left fide of the 
Rhine were contained, even to the Springs of it al- 
moſt; whence there is one Diviſion of Old France 
and another of new, and the computation of the 
of it. 8 
28. And ſince France on this fide the A/ps, (which - 
is alſo called Tagata) is French 755 neither doth 
there belong a word to us of the Soil beyond the 


Alps, 
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Alps, (both being ſo called in reſpect of the City of 


Rome ). which ſome time was divided into Braccata 
and Comata; from which, Braccata of Italy is alſo 
next to the Mediterranean Sea, by a Line hed 
out by Varro, to the Springs of Rhodan; and from 
it below Lugdunum, ſtretched out under the Moun- 
tains Arvernis, to the Mouth of the River Garun- 
na. | 

29. But Comata Gallia, or France, was three fold, 
1. Aquitazica, now called Guienne. 2. Celica. 3. 
Belgica, or belonging to the Dutch; among which, 
it (fince at the firſt Garumna alſo was encloſed by 
the Pyrenian Mountains) is compueed by Auguſtas 
to Ligerim: Celtica alſo, (called Hadanen fe ſpread 
abroad of late between Matrona, Seguana, the 
Ocean and Garumna, the Mountain Gebenna, and 
the Rivers Rhone and the Nhine, afterwards be- 
tween the Rivers Matrona, Sequana, and Liger or 
Loyre; and alſo it was bound by the Ocean. Laſtly. 
Belgica (in the firſt place was contained between the 
Rhine, the Ocean, and Seguana and Matronona) in 
the next place it was contained between the Mine, 
the Rhone, Ararim, Matrona, Sequena, and alſo 


® the Ocean; which for the ſake of Ancient Hiſtory, 


ought not to be unknown. 

20. Now we come to France, as tis at this time, 
which is a Tract of Ezrope, fituate on this fide, be- 
tween the A/ps and the Pyrencan Mountains, ſituate 
from thence between the Mediterranean Sea and the 
Ocean, and likewiſe between the Hodiern Neather- 
lande and the Provinces of the Rhine; bounded on 

the Eaſt by Italy and 8 on the South by the 
Mediterranean Sea; on the beſides the Pyre- 
nran Mountains, it owns part of the Ocean for its 
Limits; by which alſo (the Name of the Exęliſi 
Channel is at laſt given to it) it is terminared towards 


the North. 


31. France 
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31. France at this time, from the Lake Lmanno, from 
the Alps towards the Mediterranean Sta, and ſo on, by 
going about, until you return to the ſame Lake, (compu- 
ting alſo the Regions not obedient to the King, becaufe 
they are comprehended by the Bounds of France) may 
conveniently enough be divided into Provinces. 1. The 
Outermoſt. 2. Thoſe further in. 3. Thoſe furtheſt in. 


The tollowing De tion by Parentheſis, notes the 
49 — g Deſigna Y , | 


32. Of France, the outetmoſt Regions or Countries ate. 
(1. Subaudia, with 2. The Country Geneva) 3. Delphina- 
tus. 4 Province, (in which 5. The County of Avegnon 
And 6. The Principality of Aurange) 7. The Region of 
Languedock. 8. Vaſconia, where Bearnia, Bigorria, Comin- 
gi Albretia, Arminiaca. 9. The Country of Gaiene. 10. 

antoine. 11. Pictævien. 12. Brittany. 13, Normandy, 
14. Piccardy. 15. Arteſia. 16. Campania. 55 Lot harin- 
2a. And there the Epiſcopacy of Metenſis, Thullenſis, and 
Verdunenſis. 18. The Dukedom of Burgundia, (in the 
Confines of which, the Counties of Burgundy and Mont. 
pelier are ſituate) all which 19. Breſſia at laſt compleats. 

33. There remains the inner and moſt inward Coun- 
tries of France, of which the former lye to the Eaft. 1. 
Borbon. 2. Limane. To the South, the Tract of Lugdu- 
nenſis or Lions. And 4. Arvernia: And allo 5. Quercia. 
To the Weſt, 6. The Regions of Prrigort. 7. Limoſin. 
8. Bleſen. . Turone. And 10. Andegaven. To the North, 
11. Lemania: 12. The Country Le Beauſſe. 13. The 
Iſtand of France: But the laſt and molt inward are, 14. 
Berria ; and 15. Nivernia. | 

34. Paſſing over the Pyrenean Hills, Spain preſents it 
ſelt, which is a Tract of Europe, the fame being encoin- 
paſſed by theſe Hills towards the Welt, (and the reſt in- 
cloſed by the Sea) fo that it hath no Tetreftnal Bour.ds 
beſides France, from the Eaſt to the Norch, yet in the 
middle for the moſt part, tis incloſed by Mountains, be- 
cauſe it is in a manner incloſed by the Mediterranean Sea, 
and the Straits of Gibraluer on the South; and on the 
Weſt and North by the Atlantic Ocean. 

* 2 was divided in Old Time into the hicher and 
the farther, of which, an by „ 

ö : C) 0 J. 
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Tract of the Pyrenean Hills, and by the River Iberus; the 
2 „ extended it {elf to all the remaining ace of 

; bur afterwards it was alſo divided in three fold 
manner, into Batica, Luſitania, and Tarraconenſus; from 
which 1t was extended by the River Ana, from thence to 
the Regal City; hence to Almeria: Luſtania is contain- 
ed —4 the River Darius to Camora, and hence to the Re- 
fe City; all the remaining part was called T arr aconen- 


6. The Diviſion of Spain at this day, if by going about 
Es the Pyrenean Hills to the Mediterranean Sea, and ſo 
on, until you return to them again may be nghtly in- 
ſuituted, (beſides the Kingdom bel 1 ing to the Iſles, con- 
taining Majorcam, Minorc . buſam) into XVII. 
Kingdoms and Provinces, which alſo are, either 1. Out- 

ward, or 2. inward ones; to wit, in the former Claſſe 
XIV. 1. Catalonia. 2. Valentia. 3. Murcia. 4. Gra- 
nada. 5. Andaluſim 6. Extremadura. 7. 4 arbia. 
8. Portugallia. 9. Gallæcia. 10. * iſcaia. 
12. Guipiſceja. 13. Navarra. 14. Arr In the 
Sccond Claſſe are IIi. viz. from the North 3 the 
South. 1. Caftilia Nova. 2. Vetus. And 3. Legio. 


7. Hence, going ſtrait towards the North to the 
1027s, of winch, although thoſe (as is ſaid in its place) 
we ſhall handle in a peculiar Table; yet it is not im- 

2 to the matter to exhibit the Britanick and 
Dani Kingdoms, (howſoever for the muſt part, the 

a to Iſlands) becauſe of the frequent re- 
fo orting, and the daily Travelling thither: And the Bri- 
tanick Empire is an Hoard of many Iſlands, divided 
from France, on the North part = the Narrow Sea, 
whoſe bounds to aſcribe is not needful, ng 
that they are not bur cloſe 'to the Sea Side. 


38. Of theſe Britanick Iſlands, that which is par- 
ticularly called Great Britain, (ſome time Albion.) 
is L. greateſt of all, and is divided into N] Kang- 

doms. 1. England. 2. Scotland, ot which the Southern 
2 of Britain is the greater, Aide i Ol on the 

_ x, only N It was divi E — 1 — 
into gdoms, by computation inſtituted by go- 
ing about from Lad They were, 1. Eſſex. 2. Kent- 
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4. fon: ot the South Saxons. 4. The Weſt Saxons, 5: 
e Kingdom of Mercia. 6. The Kingdom of Wales. 
7- The Kingdom of Northumberland : And 8. The King- 
dom of the Eaf Angles: But at this day the Diviſion gf 
it differs. h 
39. For 'tis divided 1 into 4 or England; and 2 
Cambria, or Wales, and that again into the Upper and 
Lower ; of which the former 1s towards the North, the 
latter towards the South Eaſt; but Cambria is ſituate to- 
wards the Eaſtern Shoar and the Mediterranean, accord- 
ing to the following Account of the Provinces, which 
2 1 from the Confines of Scotland towards the 
In Loegria or England, the Upper or Superior are 
XVI. Provieces, I. 3 2. — 3. 
Cumberland. 4. Weſtmorland. 5. The Province of Torl- 
ſhire. 6. Lancaſhire. 7. Cheſhire. 8. Darbyſhire. g. 
Nottinghamſhire. to. Lincolnſhire. 11. Rulandſbire, 
12. Leiceſter ſbire. 13. Warwickſhire. 14. Worceſterſhire 
15. Staffordſhire. 16. Shropſhire. . 
41. In Loegriaor England, the Inferior or Lower, 
there are many Provinces, to wit, in number XXIL 
of which, in beginning to proceed from the Faſt to 
the North, and towards the South, and ſo to the 
Weſt; and from thence again to the North, leaving 
Cambria or Walts on the Weſtern fide, in aſcending 
they are, 1. Norfolk. 2. Suffolk. 3. Cambridg- 
ſhire. Hunt ingtonſpire. 5. Northamptonſhire. 
6. Bedfordſhire. 7. Hartfordſhire. 8. Eſſex. 9. 
Buckinghamfhire. 10. Middleſex. 11. Surrey. 12. 
Kent. 13. Sufſex. 14. Hampſhire. 15. Dorſet- 
ſhire. 16. Devonſhire. 17. Cornwal. 18. Somers 
ſetſhire. 19. Wiltſhire. 20. Barkfhire. ' 21. Glca 
ce rr cy and 22. The Province of Oxford, or Ox- 
ordſhire. | | 
42. Cambria or Wales remains as yet, which hath 
XIII. Provinces, and they are, in continual proceed- 
ing from the Weſt Angle of the interior or lower 
Loegria or England, 1. Pembrockſhire. 2. Camar« 
© 02 denſhire, 
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denſbire, (Meridunum) 3. Glamorganſhire, 4. Mon- 
mouthſhire. 5. The Province of Herefordſhire. 6. 
Radnorſhire. 7. Brecknockſhire. 8. Cardiganſhire. 
(Ceretica) 9. Montgomeryſhire. 10. Merionethſbire. 
11. Carnaruanſbire. 12. Denbighſhire, and 13. 
The Province of int ſbire. 

42. Scotland follows after that, which is the moſt 
Northern part of Great Britain, being bounded by 
England, which precedes it on the South; all the 
remaining part is encompaſſed by the Sea, and the 
ſame is naturally parted by the Hill Grampius or 
Granzebain, ſo that one half of it is 1. Northern. 
2. The other Southern, both which contain many 
Provinces. 

44. In the North of Scotland, to the North Weſt 
is, 1. Strathnavern, and towards the Eaſt, 2. Cath- 
nes; hence towards the South, 3. Southerland thence 
to the Weſt again, 4. Rofſe, then towards the Eaſt, 
5. ArtmanetÞ, and again to the Weſtern Shoar, 6. 
Aſfine, and below this : Loquabar; hence to the 
North and the Eaſt Shoar, 8. Murray, and 9. Bug- 
buan; from thence a little lower, 10. Mar/ia, and 
towards the Welt, 11. Batgenothia, and a little low- 
er towards the South, 12. Angufia; hence towards 
the South Welt, 13. A/bia, 14. Argile, 15. Lor- 
nia, 16. Knapdalia, and 17. Cantyria. 


45. And in Scotland on the South, which occupies 
a leſs ſpace, the Provinces are, 1. Perth. 2. Ti/a. 
2. Menitbeſia. 4. Striveling. 5. Lennox. 6. Cun- 
angham. 7. Cyl. 8. Carrick. 9. Galloway. 10. Ny- 
deſdale. 11. Liddeſdale. 12. Anandale. 13. Eſkdale. 
14. Merch. 15. Troedale, and 16. Lauden; and in 
the middle, 17. Cideſdal. 


46. To this Empire alſo belongs another Iſland, which 
adjoins to Britain, towards the Weſt, called Ireland, (in- 
deed leſſer than Britain) but divided into IV. ſpaci 


Provinces, of which, 1. The moſt Northern is Ultonia or 


Ulſter, 
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Ulſer, which 2. To the South Weſt receives Connach or 
Connaught : To this 3. a little lower to the Eaſt, is oppo- 


fed Lagenia or Leinſter, but at the end of the Iſland, 4. 


in the Southerly Coaſt, appears Momonia or Munſter ; 
all which Provinces are again divided into 33 Counties, 
which to reckon up here we omit. 


47. Beſides theſe two moſt Noble Britanict Iſlands, ma- 


ny leſſer belong to this Empire, among which are the Fa- 


mous Iſles of Orkney, about 40, bordering on the North 
of Scotland, and 7' till m orthern : Then above Ve- 
land, towards the North, Mo the Welt {ide of Scotland, 
are the Weſtern Iflands, Called Hebrides, about 30 in 
number ; neither 1s there any other Iſlands belanging, 
which are nearer to England, to wit, between it and Ire- 
land, above the Iſle of Angleſey ; anda little below Me- 
napia: But in the Gallick Sea, beſides the Ile of Wight, 
(near to Eng land) there are the Ifles of Angleſey, Garnſey 
2 arſey, with ſome leſſer lying between, reſembling 
ie ſame. 


— — — 
hk —— 


C HAP. NII. 


Of the other Regions of Europe, even to Ger- 
| many . 


£0) from Great Britain towards the Eaſt, approaches 
Denmark and Norway, viz. a Tract of Europe, part- 
ly Iſlands, partly Continents; on this ſide bounded b 

Baltick Sea, but trom hence adjoining to the Nort 
da; concerning the Bounds of which, it may be better 
mlarged in each part. | 


2. And Denmark conſiſts of lands and Continents, 
but we paſs by thoſe, among which S:elandia is the moſt 
Famous, and the next to this in Magnitude, lying to- 
wards the Weſt, is Fionia, the reſt are leſſer: Towards 
the South of Seeland and Fionia, is ſituate Alfa, Aaria, 
Berbia, Langlandia, Lalandia, Falftria, Meunia; and molt 
Southern Femria: Towards theEalt at this time alſo look- 
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ing to Denmark, are Bornbolmia, farther off; and 
nearer there are Amagria, Southolmia, Huena; (but 
now looking to Smeed/and, are Gotlandia, Oe ſilia, 
Dakr:a) To the North are ſome, ſomewhat greater, 
as Samſia, Anutia, Leſonia; with many more ſmal- 
ler, of which they reckon ſome are of the Conti- 
nent of Dexmark, of which we ſhall now ſpeak. 

3. And indeed, the Continent of Denmark not long 
fince, was two told, Eaſtern and Weſtern ; but thoſe 
which belonged to that, Provinces of Hallandia, 
Scania, Blekingia, now belong to Szeedland ; therefore 
there remains of it the Weſtern Continent, viz. Cherſo- 
neſus Cimbrica, which is divided into Jutia and Holſa- 
cia, of which we ſhall handle them better in Germany; 
but we ſhall Treat of it here, even as tis divided. 


And it may be divided into 3 parts, viz. 1. Men- 
Pofilia. 2. North Fatia, and 3. * wis; among 
which, Wenſ»ſſelia or Wenfilia is molt Northern, bein 
reduced into the new form of a Peninſula, by the Gul 
Limicus, and ending in the Tract of Tiens, computing 
many Iſlands to the lame. 

5. 1. This North Futia ſucceeds for its nearneſs, 
which is divided into IV. Dioceſſes, having Names 
from the chief Cities; of which the firft is A/bur- 
genſis, ſituate about the beginning of the Gulf Limi- 
cas. 2. is the Mediterranean, and called Viburgen- 
ſis; this at the Eaſt Shoar of the Sea, receives 3. 
Arbaſenſis, but 4. that to the Weſtern Shoar of the 
German Sea, is called Ripenſis, which nevertheleſs 
extends it ſelf to the other Sea alfo. 5 
6. There remains 2. Southern Jutia, which runs 
between 2 Seas, like as it were in breadth, towards 
Holftein, unleſs that in the lower part tis ſome- 
what enlarged ; and although there be no particular 
Diviſion given of it, yet to the Confine of Holſtein, 
the TraQt, 1. Of Eiderſtetenſen, and 2. Of Anglen- 
fem, is annexed to it, on this and that fide, together 
With Iſlands adjoining on both ſides. 7 

. 7. To 
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7. To the fame Empire we account alſo the aforeſaid 
Norma which is a Tract of Europe, at the fartheſt part 
of the Welt Shoar of the North Ocean, ſituate from Den- 
mark towards the North, together with Iſlands belonging 
to the ſame ; which is bounded on the Welt by the O- 
cean; on the North by Finmarchia ; on the Eaſt by the 
Hills of Sweedland, that lye between; and on the South 
by the ſame, and Holland. 


8. And this whole Kingdom, although it be very 
large, is divided into V. Juriſdictions, which we 
ſhall reckon up in going from the South towards 
the North; and of them the 1. is Bubuſia. 2. Agger- 
bufia. 3. Bergerbuſia. 4. Niderbuſia or Dronthemen- 
Ec. 5. and laſtly, Wardhuſsa, with the Maritim Trac 
Trunſoliens. 

9. Hence it leads us, by the order of Connexion, 
to Sweedland, which is a Tract with all the Provin- 
ces belonging to this Kingdom of the North part of 
Europe, ſituate on this fide, between Norway, on 
that ſide, between Rxſia and Polonia, end ing for the 
moſt part at the Shoars of the Baltic Seu and the 
North Ocean; whoſe Bounds on the Weſt are the 
Ingreſs of the Ba/tick Sea and Norway, on the North, 
by the Ocean of its Name, on the Eaſt, heſides the 
White Sea or Gulf of Granwick, tis Bounded by the 
Countries of Ruſfia and Polonia, on the South, part- 
ly by theſe, and partly by the Baltick Sea, which 
waſhes Germany and Denmark. 

10. All Stocedland may be divided into Countries, 
beginning from the ſituation of the Kings Seat. 1. 
On this ſide, the Gulf of Bothnica. 2. On this fide 
the Gulf Finnica, and 3. beyond the Gulf Finneca , 
which we ſhall reckon up in an orderly manner. 


11. The Countries of Sweed/and on this fide the 
Gulf of Bothnica are, 1. Uplandia. 2. Sudermanniz. 
3. Oſtrogothia. 4. Smalandia. 5. Blekingia. 6. Scania. 
7. Hallandia, 8. Waſtrogotia. 9. Nericie. 10. Weit- 
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manma. 11. Geſtricia. 12. Dalecardia. 13. Helſingia. 
14. Middelpadia. 15. Jemtia. 16. Angermanna. 17. 

Bothma, on the Welt part. 18. Las 19. Finmar- 

orth part, 20. 


chia, and in the laſt place, on the 
Schrickfinnia. 

12. The Countries of Sweed!and, beyond the Gulf 
of Bothnica, and on this fide the Gulf Finnica are, 
I. Bothma in the Eaſt. 2. Cajania. 3. Finlandia. 4. 
Tavaſtig. 5. Nylandia. 6. Carelia. 7. Feſkia. 8. Sa- 
volakſia, and 9. The remainder of Lappia. But the 
Provinces belonging to Sweed/and, beyond the Gulf 
of Finnica, are III. I. Ingria. 2. Eſtonia. 3. Lroonia. 
13. Afterwards Rſia ſhews it ſelf, which is a 
Tract of Europe, towards the Eaſt, and moreover, 
the further end towards the North; a great portion 
of Aſa, if we look upon the ends of the Empire, to 
wit, comprehending part of Tartary, and from 
thence to the Caſpran Sea, extending it ſelf from 
hence almoſt to the Black Sea, and is there called 
Tartaria Ruſſia. | 52 
14. The Bounds of it on the Eaſt, are the ends of 
Great Tartaria; on the South, the Caſpran Sea, the 
Provinces of Turkey, and alſo the Lefler Tartaria; 
on the Welt, many Provinces of Poland, and alſo of 
Stcedland: Laſtly, on the North, *tis joined by the 
North Sea, with the Tartarian. 

15. *Tis divided into many Provinces, ſome of 
which are, 1. Of Awtecraſy, or ſelf ſubſiſtence 2. 
Some are of Cz/ar, or belonging to the Emperor. 
2. Others are of the Great Dukedom. 4. Of others 
they are wont to be called plainly Lordſhips: We 
on this fide, with this reſpect, which is Political, 
not Geographical, divide the Countries into outer 
and inner; and we number them from the Ca/pran 
Sea toward the Eaſt, and ſo on, by going about un- 
til we come to the inner Countries. 

16. And to the outer Regions or nnn be- 
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long, 1. Aſtracania. 2. Mordua. 3. Reſa. 4. Se- 
veria. 5. Smolenskia. 6. Beſecia. 7. Megrina. 8. 
Vologdia. 9. Duina. 10. Condora. 11. Siberia. 12. 
Obdora. 13. Samojeda. 14. Fugoria. 15. Pega, and 
16. Ruſha Tartaria, or Tartary, belonging to Ryſ- 
ſia. But the inner Provinces of the Raſſiuns are but 
few, Viz. 17, Caſania. 18. Ceremeſia. 19. Sudalia. 
20. Wlodomiria. 21. Roſania. 22, Vorptia. 23. Muſ- 
cob, and 24. Faroſlavia, in which they proceed, 
by —— crooked and obliquely, from Eaſt to 


17. Poland ſucceeds Ruſſia, which is the moſt ſpa- 
cious Tract of Europe, ſituate in reſpect of the RA 
ſan Empire, partly towards the Welt and partly to- 
wards the South; in as much as tis Bounded on the 
Faſt by Ry/fa; on the North by the ſame and Sweed- 
land; on the Weſt by Germany and Bohemia; on 
the South by Hungary, Denmark and Tartary. 

18. The Provinces of Poland, into which this 
Kingdom is divided, may beſt be reckoned up, if 
the acceſs be made from the North towards the South 
kaſt, and from thence towards the Weſt, and from 
thence again to the North; in which Circuit is, 1. 
Libuana. 2. Poleſia. 2. Volhinia. 4. Ukrama. 5. 
Podolia. 6. Ruffia. 7. Poland the leſſer. 8. Mazo- 
vid. 9. Poland the greater. 10. Pomerellia. 11. Praſ- 
fia Royal. 12. Samogitia. 13. Scmigallia. 14. Car- 
landia. 

19. From thence we come to Dacia, which is a 
Tract of Europe, beneath Polund, behind the B/ack 
Sea, to ſome place towards the Weſt, extended to 
the Left on the Danube Shoar, at this day ſubject to 
divers Lordſhips; whence the Bounds of it on the 
North is Poland it felt; on the Eaſt tis bounded by 
Tartary, with part of the Black Sea; on the Souti 
(the Danube coming between) by 1Þrac:a, both the 
Mzfias, and part of Hungary, which alſo is the 
Bounds on the W eſt of Dacia. 30. The 
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29, The Diviſion of it in Old — (which it 
may alſo obtain at this time) was three fold, to wit, 
part 1. belonging to the Ape. 2. Of the Mediterra- 
nean. 3. Of Ripenſis; of which the former fituate 
on the North, is Mo/davia; next to it, but lefler, is 
Wallachia, to which Beſſarabia adheres. The Medi- 
terranean at this day is called Tran/ilvara, polleſied 
partly by the Germars, 2 by the Hungarians, 
and partly by the Wallachians, (of late Invaded by 
the Turks) Laſtly, Ripenſis contains a Portion of 
Hungary, ſituate not far from Tibiſco, which alſo 
moſt rightly is aſcribed to the ſame. 

21. Hungary follows, which is a Tract of Europe, 
partly reckoned by ir ſelf, from the ends of Dacia, 
extending to the Weſt, and beyond the South, and 
running out to both Shoars of the Danube, by a ſut- 
ficient ſpace. - 

22. The Bounds of ir towards the North, are Po. 
land, towards the Eaſt, Dacia and Servia, towards 
the South Illyricum ; but towards the Weſt, partly 
Bohemia, partly Germany, by which tis every where 
incloſed. | 

23. This Hungary in Old Time was called Pan- 
nonia, when it 8 open, but now at this day 
tis divided with Provinces belonging to it, 1. Un- 
garia, properly ſo called; then 2. Slavonia. 3. Cro 
atia. 4. Dalmatia. 5. Boſnia, and 6. Raſcia; of 
which, Hungeria, which is fituate towards Poland, 
either in Planes or Mountains, is called 1. Superior, 
and that which lies nearer to the Danube, and ex- 
tends it ſelf towards Servia, 2. is called Inferior; 
but the whole is wont to be divided into 50 Coun- 
ties, which for brevity we omit. 

24. Of the other Provinces belonging to Hungary, 
the next is S/avonia, that Kingdom which is extend- 
ed between Dræuus and Saia, all along to the Ba- 
nube: Croatia appears in paſſing to Save, to which 

| adheres 
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theres Boſnia, on the South of Dalnatia, 
looking hither, and in the lower Shoar of the River; 
then atrerwards paſſing towards the North Eaſt, part- 
ly by Sæuim and partly by the Danube, Raſcia is 
joined, and in the ſaid place part of Dacis. 

25. Now ſucceeds the Bohemian Kingdom, with 
the Provinces belonging to it, which is a Tract of 
Europe, for the molt part incloſed by the Provinces 
of Germany, but that on the Eaft, it touches upon 
the Confines of Poland and Hungary: for on the 
North, it owns for its Bounds, the Countries of Bran- 
denburg and Saxony; on the Weſt the Palatine, 
bur on the South, the Countries of Auſtria. 

26. And tis divided into, 1. Bobemia, properly 
ſo called; into 2. Moravia, and 3. Sileſia, and alſo 
4 Lx/atia; which laſt, notwithſtanding in theſe 
Times, is more rightly numbred to Germany: More- 
over the fame Bohemia is divided into XV. Diſtrias 
or places of Juriſdiction, viz. 1. Elebogenſem. 2. 
Philſnenſem. 3. Sazenſem. 4. Rakonzenſem. 5. 
Letmerizenſem. 6. Slanenſem. 7. Potherenſem. d. 
Braſchenſem. 9. Kaurſchimenſem. 10. Moldavien- 
ſem. 11. Zaſlauienſen. 12. Bechinenſem. 13. Ko- 
rigſgræſenſem, and 14. Cudinerenſem; inſtitured 
in order, from the North to the South, and again 
ſubdivided; ro which comes 15. The County ct 
Glagenſis. 

27. Moravia the curious is not divided, but 
Slefia into the Upper, which is fituate towards Hun- 
gary; and 2. The Lower, which tends towards L. 
ſatia, and the Marchionate of Brandenburg: The 
Diviſion of both is more accurately inſtituted into 
XVII. Dukedoms. 1. Croſnenſem. 2. Saganenſem. 

3. Glogovienſem. 4. Fauravienſem. 5. Wolavie::- 
ſem. 6. 8 7. Uratiſlavienſem. 8. Schrold- 
mzenſem. 9. Munſterbergenſem. 19. Oelſnenſem. 
Il. Brigenſem. 12. Grotgavienſem. 13. Oppolien- 
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em. 14. Carnovienſem. 15. Troppavienſem. 16, *: 
1 And laſtly, 17. A 22m if we — 
Travel towards the South, from the North Weſt, WW vor 
we are wont to number by 7 Claſſes. 0 

tim 

An 

C H A P - XIII. & p 

Of the middle of Europe, or of the laſt Country I b. 
Germany. 5 


I. NErmany only remains, which requires, (be- 

G — tis — own Country) a more larger 
Declaration; and 'tis a Tract of Europe, between 
France, Italy and Hungary, as alſo between the mid- 
dle of Bohemia and Poland; by which alſo the 
Bounds are every where incloſed, if we add the Ml th 
Baltick Sea, and the outmoſt of Cimbrica e n 


ſw, and likewiſe part of the Ocean on the North 
fide of ir. la 


2. And the Diviſion of Germany was various, according /: 


to the Ancients, alſo in any place very uncertain, nor n 


but leaning upon Conjectures; but the Dixiſion at this WF 4 
tume may conveniently be inſtituted into Provinces, 1. BY .. 
without the Communion of the Empire, and 2. Living k 
within the ſame: To the former Claſſe, belong only the | 
Netherlands and Helvetia. 8 
3. And the Netherlands is a Tract of Germany, ſituate at the 
Weſt and North Angle of it, and extended through the long Se- * 
ries of the Shoars of the German Ocean, with ſome Mediterranean ( 
Countries ſpaciouſly extended or ſtretched out; ſo that the ( 
Bounds of the Netherlands on the North, is the Sea Coaſts; on the 
Eaſt 'tis bounded partly by the South and Weſt of the German . 


Empire, and partly by the circumjacent Provinces of France. 


4+ At this time divided 1 into the free Netherlands, and 2 the i 
Spaniſh, of which that is Eaſterly, this Weſterly ; that finiſhed 
by VII. Regal Provinces, i of the Confederates, 2. this into X. Y 
3. The Confederate Provinces of the Netherlands,are ñumbred | 
from the Eaſt towards the Weſt, in a contiguous order; 1. The t 
Lordſhips of Groningen, with Omlandia. 2. Friſin. 3. Trarſiſa- c 


lania. 4. Geldria, with Zutfania, 5. The Lordſhip of Usrech?. 


6, Holand, 
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6. Holland, and 7. Zeeland, although not all Geldria: but not 
withſtanding many parts of Brabant and Flanders belong to the 


Confederates Orders, ſo nevertheleſs they obtain only VII. of the 
;foreſeid Countries, by the right of Majeſty. 


6. To the Royal Netherlands, belong theſe Mari- 
tim Provinces, 1. Brabant. 2. The Marchionate of 
Antwerp. 3. Flanders, and of the Mediterranean. 
+ Arteſia. 5. Hannoma. 6. Namurcum, or Namur. 
„Limberg. 8. Lutzenburg. 9. Mechline, and 10. 
Gi/derland; the middle part of which (as tis ſaid) 
15 yet is Governed by Sperz; but Arteſſa, by a late 
Peace, is Tranſlated from Spain to France. 

7. Proceeding from the North Weſt Angle of 
hy + to the oppoſite of it, South and by Wet, 
where He/vetia offers it ſelf, which is a Tract of 
Germany, bounding France and Faly from the ſame , 
of which that hath irs Bounds on the Weſt, this on 
the South; on the Eaſt tis bounded by Stocedland, 
ind on the North by the ſame, and A//ar:a. 

8. Helvetia in Old Time was divided into IV. Vil- 
ages, 1. Urbigenum. 2. Tigurinum. 3. Aventicen- 
ſem, and 4. Antuatem: afterwards it was divided 
n a twofold manner into A/emanny and Burgundy 
the leſſer; ſo ir is at this day divided into IV. Lands, 
vs. commonly ſeparated from Stocenlund towards 
France, into 1. Targoviam. 2. Zurchgoviam. 3. Ar- 
goviam, and 4. Wifl:sburgoviam. 

9. The Commodious Diviſion of the reſt, is into 
XIII. 1. The Villages of the Helveriarns, and 2. The 
Confederate Allies of Helvetia, and allo 3. The 
Common People ſubject to the Em pire. Of the Vit- 
lages, 6 ate outer and 7 inner, in numbring from rhe 
Welt ro the North, and thence to rhe raft, being 
inſtituted Archwiſe, and ending in the very mile; 
where occurs, 1. Friburg. 2. Bern. 3. Solodurik 4. 
Bafile. 5. Schaf haſe. 6. Appenæella. Then 7. Uria. 
8 Underwaldia. 9. Schwitzia. 10. Glarona, 11. La- 
cerna. 12. Tugium, and 3. Tigumur, | _ 
ö 10. 
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10. The Allies of ge ey > either DiſtriQs or 
fingular Burroughs. Of the Diftrits, the Eminent 
are, 1. Of Rherzs, 2. Of Valleſtus, of which thoſe 
bend to the North Eaſt, but theſe to the South Weſt; 
there is the Biſhops See of Curienſus, here of Sit- 
tenſus, being the beſt of States: But the 

or Walled Towns are, 1. St. Gall, towards the Lake 
Acronia. 2. Rothwila, in Suevia. 3. Mulbuſium, in 
Alſatia. 4. Bipennium, about Bernam; nor far from 
thence, 5. Neocomum; and at laſt at the Lake Le- 
1 6. er be 7 3 ; 

11. The ſubjected People or p in com 
(or at leaſt many of the Burrou Ei) are — 
or places of Juriſdiction, in IX. to wit, 1. 
The County of Badens. 2. The free Provinces in We- 
gent hal. 3. Turgea. 4. Sarunetes. 5. Rheguſci. 6. Lu- 
ganenſes. 7. Locarnenſes. 8. Mendrifuu. 9. Medio- 
vallenſes. 

12. Hence at proceeding to Imperial Ger- 
many, which is all the remaining Tract, extended or 
ſtretched out from the Alps, as well to the Germain 
as the Baltick Sea, and likewiſe from Poland, Bobe- 
mia and Hungary, even to Heluetia, France and the 
Netherlands; where the ends of Germany eaſily ſhew 
themſelves together. | 

13. And indeed Imperial Germany is divided by 
publick Authority into X Circles, to N I. Bur. 
gundy. 2. The Upper Rhine. 3. The Eleftorate on 
the Rhine. 4. Suevia. 5. Frapceria. 6. Weſtphalia. 7. 
Bavaria. 8. Auſtria. 9. Saxony, as well the Upper as 
10. The Lower. Nevertheleſs, becauſe ſome Florin 
ces are not comprehended in reckoning of theſe Cir- 
2 ve reckon whatſoever lies in a ditect Line 
fro the He/vetion Gulfs towards the Ng and 
we make the beginning thence, again from the South, 
by proceeding to the lame z and we repeat the 
again and again, until we have reckoned 2 
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the North, 

14. In the I. Claſſe occurs Alſatia, (the Imperial, or belonging 
to the Emperor) 2. The Palatinate of the Rhine. 3. The Elefto- 
rate of Mentx. 4. The EleQorate of Freves or Trier. 3. The He- 
Qorate of C 6, The Dukedom of Gaiich, of Cleve, and of 


Mons, 
15. To the II. Claſſe belongs, x. Suevia. 2. Francia. 3. 
. Weſtphalia. 3. The Dukedom of Bremen. 6. Holſatia. 
16. To the HI. Clefle belongs, 1. The Dukedom of Tirel. 2. 
of Bavaria. 3. Of the Upper Palatinate. 4. Of Thuring. 3. Of 
Brunſwick, c. 6. And the reſt is the Lower Saxony. 

17. To the IV. and laft Claſſe ge 1. The Archbiſhoprick 
of Salicbrrg. 2. The Province of Auſtria. 3. Miſnia, and Upper 
Saxony. 4. The Marches of Brandenburg. $. Pomerania, and 6. 
on the fide, Caſſubia. 

18. Under A1/atia, which the Landgrave attends, 
(part of which belongs to Fance) are comprehende 
1. The * and 2. The Lower, and alſo 3. Briſ- 
ga; as allo 4. Baſile, the Biſhoprick of Baſill. 5. 
Of Strateburgb. 6. Of Spire, and 7. Of But 
aio many Counties, 1. The Governments of Sizue- 
firis and Rhene. 2. Of Leiningen. 3. Of Hanovien 


r 

the Upper. 4. Of ein, and 5. Of Kriechin- 
gen: And alis S beſides theſe that we 
eure Named. 6 
x 19. The Palatinate of the Rhine, not only 1. The 


tighth EleQtorate at this day, but alſo 2. Lutzelftein. 
3. Birkenfelden. 4. Spanbermen. 5. Bijontin. 6. Si- 
neren; and in which other Dominions are contained: 
To which we may join the Countys, 7. Veldents, 
and 8. Erpach. 

20. The 3 Electorates, 1. Of Mew'z. 2. Of Trieves, and 3. 
Of Cologn, require no curious Subdiviſion, unleſs that the two 
former be diſtinguiſhed now and than between the Palatines and 
the Haffians 3 and the latter, although it be neither deficient in 
them, it is not only encompaſſed by many Counties, but alſo 
m_—_— it ſelf the Biſhoprick of Leige, ſituate between the 
kelgick Provinces. | 

21. They conclude this I. Claſſe with, 1. The Dukedom of 
Gulich, on the left tide of the Rhine. 2. The Dukedom of New- 
kg, oa the right fide of the Rhine, with the Oy 

ches; 
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of the Rhine, with the Lordſhip of Ravenſteinen, which is fited 
beyond the Maes, towards the Weſt. - 
- 22. Suevia begins the II. Claſſe, whicts is the Marchionate of 
| Baden, ſituate not far from the right Shoar of the Rhine, and the 
Dukedom of Wirtemburg, (in which theſe things were Written) 
about both fides of the River Necker, as alſo the Biſhoprick of 
Conftantien, joining to the Lake Acronis; then Auguſta, by the 
Danube, with many, 1. Prelacies. 2. Counties, and 3. Imperial 
Cities, which are there. I.. Elchingen, Zwifalten, Elwangen, &c. 
here. II. Eberſteinen, Furſtenburg, Zolleran, Waldburg, Hel fenſtei- 
nen, Leoſteinen, Mont for ten, the Government of Limburg, with 
others, c. III. And here the City Ausberg, Ulma, Memminga, 
Reutslinga, Eſtlinga, Heilbroma, Bibracum, Lindavia, Ravenſpurg, 
Halla. Survorum, Nerolinga, Kauffhyca, and many others, (Fc. 

23. Franconia touches upon Suevia, towards the 
North, a Tract of German between the middle of 
both the Palatinates, which contains I. Marches, 
Viz. I. Anſpacen. 2. Culmbacen, (or Bareiten) to- 
wards the Welt. II. Biſhopricks. 1. Eithſteten, to 
the South. 2. Bambergen, and 3. Herbipolen, (which 
alſo is a Dukedom of Franconia) ſituate in the mid- 
dle, to the fides of the Walls. Then III Counties 
1. Ot Octingen. 2. Hohenloben. 3. Wertheimen. 4. 
Hanovien the lower. 5. I{enburgen.. 6. Henneberg. 
7. Schwartzeburg z together IV. with the Imperial 
Cities Noriberg, Rothinburg, Winſhem, Suevofurt and 
Francofurt. | 

24. Haſsia or Heſſen ſucceeds this, a Trac of 
German), between the Provinces of the Rhine and the 
middle Iharing, in which are, I]: Landgraves, 1. Of 
Caſtell, and 2. Of Darmſtal, that Northern, this 
Southern, declining to the Weſt; but the outmoſt 
Provinces of it from the Eaſt towards the Weſt, and 
hence towards the North, are Bachovia, there the 
Prelaey of Fulden, from thence the Abborfhip ot 
His ſehfeld, and the County of Zigenbeim, likewiſe 
Rhingovia, and à little beyond V etteravia, and it en- 
tertaining the Counties of Naſſau, Sulmen, Salmen, 
Waldeczen, Vi genſtein, and many others in oy 25 
f * 
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Marches; and 3. The Dukedom of Cleve, beheld from both fides 
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— —— bs impetial Cities — 
ſtrĩct (Weſterwald) with the Imperi ies Frids 
berg, 2 Gelbu. f 
25. Weſtphalia joins to Haſfia or Heſſen, 4 Trat 
of G between the Rhine and the middle of 
the Dukedom of Brunſwick, divided into n_ Bi- 
ſhopricks and Counties: of them, the greateſt and 
the mean is 8 Monaſteriun, on the right | 
fide, Minden at Viſure, and beyond is Verden, (now 
wo Principalities but back again towards Amſium, | 
is 0ſnabruck, and to the Eaſt of 1 is the Bis L 
* of Paderborn; ſrom hence the Abbotſhip of 
Grbejen, from thence of Eſſen : Then the Counties 

of Viſurg, are Schavenburg, Hojen, Dieppold, and q 
01denburg : Of Amiſium,; Ridberg, Thecklenburg, Lin- 1 
ger, Bentheim, and Oftfrifia, (now a Principality) Of | 


Luppia there is Lippen, and in to Amiſia, the 
ip of Ravenſperg, with the adjoining Imperial 
City Lemgo. 


26. Then follows the Ttat of Bremen, how 4 
Dukedom, in old Time an Archbiſhoprick, between 
Viſurg and the Mouth of the Elbe and the Germart 
de, alſo incloſed by theſe and the Shoars of the 
Rivers; and {© the middle is contained between the 
Dukedom of Lunenburg, which looks to the Eaſt 
* 1 Weſtphalia, which looks to the W 
27. Having paiſcd the River Elb, you may behold 
the greateſt Province of the North of Germany, the 
Dukedom of Holſatio, and in the furtheſt part of it 
towards Jutia, Schleſwick: (beſides the leiſer Lord- 
ſhips of the Governors of Hol at ia, ben ng [Ry 
o the King of Dexmark, partly to the Got · 
torf : And the chief parts beſides certain Iflands 
add Peninſulas, are thoſe which are called ar the 
Ocean, Ditmar ſia, at the Elb, Stormaria, at the Bal. 
lick Sea, Wagrid. 7 5 | 
28. In the III. Claſſe of ws Provinces, * 
Pp | 
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the South towards the North, is Tirol, a moſt Ne 
ble County, which is next to Izaly, the Alps lying 
between, and extends it {elf about either fide ot the 
River Oe ni us, even to Bavaria. | 
29. Thence is belield the Dukedom of Bavaria, 
(now an Electorate) occupying a great Tract of th 
anube, but the greater on the right ſide, which part 
of it is nearer Suevia, The 1. is called Bavaria Supe 
rior, which looks true to the South. 2. Bavaria Inte 
rior, containing alſo III. Biſhopricks, Ratisbon, and 
Paſſavien to the Danube, Freiſingen to Iſara, toge 
ther with the Imperial Counties of Ortenburg and 
Ratzsbon. 
30. The Superior Palatinate joins ro Bavaria, tc 
with the Landgrave of Leichrenburg, ſtretch 
ing out to ſome place between Franconia and Bohe mi- 

31. Proceeding further is the Landgrave of Ih 
ring, and on the North fide is offered Voigtland; « 
which the former contains the Principality of Goth 
and Iſenac, towards the Weſt, but of Vinarien, tc 
wards the Eaſt, with the Counties Hohenſtein, Sto 
berg and Mansfeld: but the latter (Vorgtland) is di 
ſtributed into the Diſtricts of Saxony and Brenden 
burg, and of the Lords of Reuſſen. 

32. Interior Saxony joins incontinently to Thiurin: 
and firſt of all the Dukedom of Bruxſwick, With th 
Principality of Halberſtadt, and the Bithoprick « 
Hildeſe, together with the imperial Cities Gott:ng 
Goſlar and Nordhus: but in the former are the Pot 
tions, Zellen, Hanover, Gue k. 

3. Lavenburg ſhuts this e, and this the grea 
er om of Mecklenburg divides, of which t! 
Diſtrict in Lende WER moſt Weftern, and Gu/ 
rovien, Which is moſt Ez: is the Ducal, togeth 
with the Imperial City of Lues as alſo from tl 
by-Name of the Biſhopricks of Swerin. 


34- In the laſt Claſſe of the German Province 
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the Archbiſhoprick of Salisburg ſtands before the reſt 
between the Auſtrian and Bavarian Provinces, yet 
by means of the Mountains as it were, every where 

35. Declining from hence a little to the Eaſt, Is 
where they begin the Provinces. of Auſtria, ro wit, 
1. The Government of Hay, with. the Dukedoms. 
2. Carniola. Then 3. Carinthia, and further, towards 
the North Eaſt, 4. Stiria. And. Bly, 5. The Arch 
Dukedom of Azria, all which they ſhew with a 
Site never interrupted : And indeed Auſtria, properly 
ſo called, is divided by the River As, into 1. The 
Superior, and 2. The Inferior, and barh-ſpaciouſly 
fpread about the 2 ſides of the Danube. 

36. From thence aftetwards interpoſes Bohemia, 
it comes to Miſuia and Upper Saxony, which on the 
Weſt is beheld the Principality of 4rbaitine and 
the Archbiſhoprick of Magdeburg; but on the Eaſt, 
concurring with the North Site, is beheld. Lat ia: 
and indeed in Miſia are found beſides, 1. The Ele- 
Ctoral Dominion, and 2. The Saxon Altenbuyg, alſo 
3. Mersburg, and 4. Naumburg, in Old Time Bi- 
ſhopricks, now Principal Seats : But the Principality 
of Anhaltine, with the County of Aſcun, is diftribu- 
ted into little Lordſhips. The Archbiſhoprick ot 
Magdeburg expects ſhortly a new mages. of Lait- 
ly. Luſatia is divided into 1. The Upper, and 2. The 
Lower, of which that is Hexupolitan, this Tri poli- 
tan; and now alſo contains the County of. Promnis, 


Zen. 0 


37- Moreover, by an orderly Series, follows the Marchiomg- 
of Brandenburg, which is ſeparated into 1. The Old Marches, an 
2. The Midlg. 3. The New, and 4. Uzzeren, and alſo the Di- 
ſtrict. 3. Brignich, from the Eaſt to the North; and 6. S-e-nbere, 
trom the Eaſt to the South, where joiud Polani- it tif, with the 
biſhoprick of Halverberg; which receives its Naine from the River, 
to which it is ſited, | 

+ Pomeranid follows, with its Collaterals, towards. the E iſt 
C. cia, nr Baltic Sea, tnu to Ruſſico; 
. „ 5 2 was 
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that nigh to the Mecklenburg Dukedom; from which, although 
the latter be not ſubdivided, yet the former, (to wit, Pomerania) 
either, 1. tis on this fide, or 2. beyond; here, the Biſhoprick of 
Can inen, there, ſome Iſlands belonging to the ſame, having firſt 
Rugia, (a Principality) agreeing to it ſelf. 

39. And indeed this Diviſion of the Land or World, taken 
from the diverfity of the Inhabitants, is bounded by us ſo, that 
the demonſtration of the Globe and of Maps may ſupply thereſ}; 
but the general Knowledge of the Wet and Dry parts of the Earth 
or World, the 2 Tables annexed at the end of Geography will 
much promote. 


— 


CHAP. XIV. 


Of the IV. Diſt indlion of the Terrene Globe, taken 
from the Circles adſcribed to the Terrene Globe by 
imagination. Fig. 192. 


- 1-.FNIRCLES, by which alſo the Terrene Globe is 


diſtinguiſhed, are obtained from Aſtronomical 
Doctrine and from Heaven, and are ſo applied to the 


Earth, that they are directly ſubjected to the Hea- 


venly, and anſwer in proportion to them. 
2. And theſe are 
1. The Ratioral and Viſible Horizon. 
2. The Meridian of any place. 
Zo The Equinoctial, or the Equator. : 
4. The Parallels of it, to wit, the two Tropicks and the two 
Polar Circles. 

The Deſcriptions and Diſtinctions of theſe Circles, are delivered be- 
fore in Aſtronomy, ſo that there is no need to repeat them in this place, 
3. Theſe Circles are divided into two portions : For 

1. The Rational Horizon, diſtinguiſhes the Earth into the upper 


and lower Hemiſphere. 


2. The Viſible Horizon, into the upper or that appearing 
+ to the ſight, and the hidden or lower =” 


* 3. The Meridian, diſtinguiſhes the ellos cert from the Weſt- 
ern, or the fore part from the hinder. 
4+ The Equator, laftly, divides the Terrene Sphere into the 


Northern half, in which the North pole is; and into the South - 
cen halt, in which the South pole 8 


Note, 1. In the Terreſtial Globe theſe Circles are found, in the ſame 
marner alſo at in the Celeſtial. 
2. The ſame alſo are depicted an Charts or Geagraptical Maps, 4 


W „ 


r 9 


ul chuv. - Of En. be 
well Univerſal Particular, which are ſubjected to one or the other. 
3. In others, ſited without the Parallels of the Equator, thoſe that 
ſtand or are uſed inſtead of the Equator and of the Meridians, are ſhewn 
by the Columns depicted on the fade of the Chart, and divide into Dey 


grees and Scruples or Minutes; of which, thoſe that tend from the Eaſt 


te the Weſt, 
10 the North, ſhew the Meridians. 


3 — — — 


CHAP. XV. 
Of the ZONES, 


EY Equator, with the 1wo * and Polars, 


diſtinguiſh the Earth into Zones. 
2. Thoſe are the greater Tracts of the Earth which are inclu- 


ded by the 4 parallels of the Equator, encompaſſing the Earth as 
it were, by a Girth or Girdle. Fig. 193. 


3. And of them, they number 5, one Torrid, two Temperate, 
and two Frigid Zones. 

4. The Torrid, (ſo called, which is as it were burnt by the heat 
of the Sun ) is the of Earth contained between bath Tropicks, 
from the Equator paſſing through the middle of it. Bn 

Therefore ſince the Sun is perpetually converſant 
between the Tropicks, nor goes not out from them, its 
Beams indeed for the moſt part being direct, excites 
great beat, yet not ſo much as to make this Zone 
Unbabitable, as the Ancients believed; for Men In- 
habit commodiouſly enough under the Equator it ſelf 
alſo, as 18 y x09 f | | 
for this Zone is made Temperate, (alſo ſince it ought 
to be moſt hot, by reaſon of rhe Suns lying upon them) 


almoſt by F Showers of Rain, and by a Cloudy 


Heaven, and by cold Winds blowing from moſt high 
Mountains, which in thoſe Zones are nevertheleſs 
perpetually covered with Snow, as is teſtified by thaſe 
who have ſeen it themſelves, by many Tears expert- 
ence in thoſe plates. | 

5. The Frigid Zones, (ſo called, becauſe they Frgeze continually 


with cold Clouds and Ice) are a ſpace of the Earth, contained be- 


— rho * 
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ſhew or relate to the Equator, and thoſe from the South 


at this day by many Nuvigat ions 
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6. One of theſe which is included by the Polar and 
the North Pole, is called Northern; and the other, 
intercepted by the oppoſite Pole and the Polar, is 
the % fee 5 is of hi e 

Alſo theſe Zones, by reaſon of the great coldneſs, 
the . believed them to be not Habitable; but 
at this day, although under theſe Poles themſelves, no 
Man as yet bath come, yet tis known for certain alſo 
that Men Inbabit within the Northern Polar Circle : 
And the augmented Cold of theſe Zones 1s, becauſe they 
rant the preſence of the Sun, which is the Fountain 
of heat, almoſi the greater part of the Tear; and if when 
ite Beams ſhine, yet thoſe Parallels receive no heat; 
even as if any one ſhould move his Finger near to the 
＋ of a burning Candle, he would alſo perceive little 

ear. 
7. The Temperate Zones, are the ſpace of Earth, 
contained by either Tropick and the — Polar. 

8. One of theſe, which is 3 the Tropick 
of Cancer and the North Polar, is called the Nort 
Temperate, which we . dwell in: The other is the 
Southern, included by the Tropick of Capricorn, and 
by the Southern Polar. 


And they are called Temperate, becauſe the Sun Beams are leſs 
than at Kight ap, nor alſo are they Parallels, but Oblique in theſe 
Zones, making the temper of the Air grateful. ; 


ͤm— 
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CHAP. XVI. 
Of Climates. 
1. Hb other Parallels of the Equator diſtinguiſh 
T the Earth into 88 whe 


2. Theſe are a ſpace of Earth comprehended be- 
tween 2 Circles, parallel to the Equator, in which 


the longeſt day varies half an hour. 


2. 2 conſiſts of three Parallels, of which, 
one is the beginning, the ſecond the middle, the third 
determines 


w 


— IS — OW. 


Ratio of Latitude from North to South. | 


parallel paſſing 
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determines the end of the Climate; yet ſo, that al- 
ways the end of the former is the beginning of the 


. they are numbred from the. Equator,.as well to the 

South as to the North, in a like manner. | | 

CE ELEC 

* imate * 

the Southern are named likewiſe from the ſame. | n * 
7. And although all Climates are conſtituted to the equal in- 

creaſe of the longeſt day, and fo are alike, yet they are unequal, 

as well in the Ratio of Longitude from Eaſt to Weſt, as in the 


. * 
Way 


For Parallels of the Equater, by bam much they. are nearer ta the 
Pole, they become the leſſer ; whence alſo the Climates, by hu much. 
they are nearer to the Pale, they are made the leſſer. a 
In the ratio of Latitude. ; 
In like manner, by how much they are nearer to the Folg, 4h:y/ 
are made more narrow ; fer the Inhabitants of the Earth, by bow much 
nearer they come to the Pole, ſo much. a greater Arch of the longeſt day. 
i« advanced above the Horizon, and ſo much more alſo the longeft day. 
varies in a ſmall Interval : Whence alſo it comes to paſs, that the 
through the middle of the Climate, is nearex to the end. 


of it than to the beginning. : 
8. The Ancients made the firſt or beginning Climate in that 


place, in which the longeſt day contained x 2 Hours and 4, that is, 


Minutes 45, and they numbred them even to the longeit day 
16 Hours: Whence only 7 Climates was begat by them. 

That came tu paſs from this, becauſe the places near 
to the Equator and Poles, and the other places fur · 
ther off, were unknown to them; neither could they 
believe them to be Habitable; otherwiſe without doubt, 
they would have placed the beginning of the firft Cli- 
mate in the Equator it ſelf, and have numbred them 
to thoſe places, in which the length of the longeſt day 
was equal to a Natural day, ax the Moderns are 
wort to do. 

The chief uſe therefore of Climates at this day, is 
to apply them to. the underſtanding and explaining 


_ the Writings of, the Ancient Aſtronomers, (320gra- 


Pp 4 Pnhers 
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phers and Phyſicians; but at this day the uſe of them 
16 not ſo frequent; for inſtead of mentioning of this or 
that Climate, we uſually expreſs the Altitude of this 
or that Pole, or the Parallel of the Equator, which 


paſſes througt: ſome place. 


CHAP. XVIL 


Of the diſtinfZion of the Inhabitants of the Earth, in 

1 reſpetl bal. F 

1. A Ccording to the diverſity of Zones, diverſity 
of Shadows alſo happens to the Inhabitants 


of the ſame, which their Bodies caſt from themſelves 
in the Noon time. 

2. Hence ſome are called Aſcij, others Anphiſii, 
others Heteraſcij, others Periſcij. 

3. Aſcij, are thoſe which have no Meridian Sha- 
dow, as thoſe which dwell between the Tropicks 
* orrid Zone, as often as the Sun paſſes their 


EITEX. 

For the Shadow from an Opacous or Sh Body, 
is always caſt in t /ite part to the N 
7 ; therefore ſince thoſe to which the Sun is Vertical, 

ave not an oppoſite, 3 1 the Soil or Ground on 
which they ſt and, and which they hide with their Feet, 
therefore they cannot caſt a Shadow from themſelves. 

4. Amnphiſcij, are thoſe whoſe Meridian Shadow falls as well into 
8 ſocalled, as it were caſting a Shadow on 

rom c » A 
both ſides; this happens to them which Inhabit in a Torrid Zone, be- 
Nees the Tropicks, when the Sun departs from their Vertex towards 
. whoſe Meridian Shafow is almays caf 
are 1 
tontards one part caly, either Marth or South, @— 
That is done among thoſe who dwell in Temperate 


Z _ 5 Vertex of which the Sun n dy bez 

much leſs never paſſes over or yy or t ic 

Live in @ Northern Temperate Zone, caſt wo 
- T1148 
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ridian Shadow alſo in the ſame manner Nortbuard: 


But they which Live in a Temperate Southern, caſt it 


towards the South. 7 
6, Laſtly Periſcij, are thoſe, as if we ſhould ſay they their 
Shadows round about, the Shadow of whom is carricd 2 
in the Orb, and falls on all parts of the World. 
This happens to thoſe who Lite in the Frigid Zones under the Poles, 
for to thoſe the Sun every Tear is turned about above the Horizon, for 
ſome days, without ſett ing; by which alſo the Shadow muſt needs go 
about in the oppoſite part. 


— 


CHAP. XVIII. 
Of the diſtindlion of the Earth, by reaſon of the Si- 


tuation of the Inhabuants. 
og The the comparing of the Meridian with the 
Parallels of the Equator, the Inhabicants of 
the Earth are diſtinguiſhed, by reaſon of their Sire or 
Situation, into Periæcij, Antæcij, and Antipoles gr 
Anticht hones. | 
2. Periacij, are they who dwell under the ſame Meridian and 
Parallel, but in divers halfs of the Meridian, and in oppoſite 
points of the Parallel. X 
Thus our Perizcij are the Americans, which Inhabit in New 
3. Atacij, are thoſe whoſe Shoulders are as it were, 
2 to one another, who Live under one Meridian, and in 
ſame half of it, but under divers Parallels, equally remote from 
the Equator towards cach Pole. | 
In this manner our Antæcij, Live in the Soutbernly Land, not hnown 
8 het. 

Antipodes, are thoſe who go as it were with 
their Feet oppoſite to others Feet; who dwell under 
6] Meridian, but in points of ir Diametrically op- 
polite. 

Therefore our Antipodes dwel! in the Southern 


* which are ſuch as no Man as yet hath found 


; Nor yet is it to be doubted concerning them, even 
5 Auguftiz doth in Book 16. Chap. 9. de Ce 


Det, 


* 
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Dei, where he ſaith, but they alſo who are the Re. 
porters of Ant ipodes, that is, Men on the 

where the Sun ariſes when it ſets with us, 
treading with their Feet by adverſe Foot Steps, are 
in no manner to be believed. : 

The Example of this Great Man puts us in Mind, 
that we rejett not raſhly, that which ſeems new and 
incredible to ws, leſt the ſame happen to us as to Au- 
guſtin, which daily Experience convinces; for al- 
thaugh our Antipodes are nat as y found out, Yet. 
my are known the Anti & + for inner 

ybia ic a/moſt preciſely oppoſite to India. See Fig. 194. 

In this rk B of Ys the Meridian, deſcribed 
in the Terrene Globe, from the centre E; the right 
Line A E C repreſents the Diameter of the Equator, 
whoſe Poles are B and D: The right Lines FG and 
LK repreſent the Parallels of the Equator, or rather 
the Diameters of them, equally remote on both ſides 
from the Equator. 

Therefore they that Live in F, have Periæcij duwel- 
ling in G, Antæcij in I, Antipodes in K. 
But they that Live in I, have their Peræcij in K, 


Antzcij in F, Antipodes in G. 
8 2 tis to be noted | 
That, as the Inhabitants in a right Sphere, under 


the Equator it ſelf, have no Antacij, but es 
between Peræcij; ſo alſo thoſe which both Live in « 
right Sphere, and Inhabit under the Poles, are An- 
tæcij and Antipodes among themſelves, having 10 
Periz 3 


CHAT MK. ye 
Of the diſtindtion of the Earth, with reſpect to the dr 
d / vers Poſitions of the Sphere. 

1. THE Equator and the Horizon, according to the 
; divers 2 to one 8 — _ 
the Earth into a right Sphere, an oblique, and a fa 
rallel Sphere. 2. 4 
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2. A right Sphere, is that in which the Horizan 
and the Equator, cut one another at Right Angles, 
and eirher-of the Poles is raifed above the Horizon; 
the other 1s d below rhe ſame. | 

2. A Parallel Sphere, is that in which the Equa- 
tor is made Paraltel to the Horizon, and either of 
the Poles, with the Vertical Point, falls in with the 
other oppoſite to it. 

This diſtinfion belongs not only to Aſtronomy, but 
alſo and indeed properly to Geography, for it depends 
not from Heaven, but from the Earth, in divers pia- 
cer of which alſo they have an Accident of Heaven, in 
edroerſe manner; which Variety is conjidered in Ge- 
one | 
* Right Sphere, is only ſo, of two Parallels, 
one North, the on . but of oblique, the 
variety is innumerable, according to every elevation 
2 dle as well towards the North as towards 
e South. 


Let in the whole, are choſe 7 poſitions of Spheres towards 
te North the Acct of hich ae _ to —— 
For what is concerning theſe, may ferved alſo concerning 
Rye pions in thr oper Shodern port, by ay oferving ri iſe 
ence of oppoſites, and may be underſtood in the ſame Coaft, according s 


wk. TR fff Potion ue , who Iohabit in a right | 


ion Cherefore is of them 
Sphere under the Equator it ſelf. 


The Accidents of theſe ave 


1. They have perpetual Equinox, and not only the days are 
equal to the Nights, but alſo the days are equal to all the days, 
and the Nights to all the Nights. . | 

2. All the Stars, which are in any place in the whole Heaven, 
rife and ſet daily; neither is there any which either ſet not, of 
aways remain hid under the Horizon. 

3. The Sun paſſes Yearly _ their Vertex, to wit, 
when tis converſant in the Equator it ſelf, and then makes them 
without Shadow z in the other time, in which it departs into the 
North and South, it makes them Anpbiſcij. 

4. 1 indeed always Summer or heat, but twice 
mented when the Sun becomes Vertical to them; but more 
when itdeparts to the ſides. | : 

1 This 


"% 
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Di of the Sun makes as it were Winter, yet nure fer- 
vent, if the Air of the ſame be temperate among them, than our Sum. 
mer is ; for as much as the Sun when ſhe departs fartheſt them, 
yet ſhe i« ftill nearer to them than when ſhe s nigheſt to ut. 


5. In this Sphere Periæcij and Antipodes are the 
ſame, and to theſe, the Day and the Night exchange 
berween themſelves, and by turns. 

8. The Second Poſition of the Sphere, is of them 
who dwell in an Oblique Sphere, between the Equa- 
tor and the Tropick of Cancer. Fig. 196. 

The Accidents of theſe are 

1. They have only two Equinoxes, from the Sun 
being conſtituted in o 25. 

2. Some Northern Stars never ſet; on the contra- 
ry, ſome Southern never riſe: and theſe two Acci- 
dents are common to every Oblique Sphere. 

3. The Sun alſo is Vertical to them twice in every 
Year, from thence ſhe departs farther into the South 
than into the North, which makes them alſo partly 
Aſcij and partly Amphiſcij. 

4 They have two Summers, by the Sun paſſing 
their Vertex; alſo as it were, two Winters, but un- 
like, ſhorter and warmer, (which, yet with reſpect 
to ours, may be thought as if they were Summers) by 
the Sun being converſant in the North; and longer 
and colder when the Sun departs from their Vertex 
into the South. 

F. Periecy, exchange the Noon and Midnight, 
Ukewiſe the time before Noon and Afternoon; yet 
it may come to paſs in the longer days, that they 
both have the Sun above the Horizon; but to theſe 
tis Oriental, to thoſe Occidental: The contrary hap- 
pens if the day be ſhorter than its Night, to wit, as 
the Sun exiſts beneath the Horizon to both, but a- 
gain to theſe Eaſtern, to thoſe Weſtern ; But the Au. 
{£cij change the Stars riſing and ſetting, for thoſe 
Stats which to theſe always appear, to thoſe they 
are never ſeen, and the contrary 2 Moreover, notwith- 
. 
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much the day is there, 


ſtanding they ex not indeed the viciſſitude, 
but the length of the day and of the Night, for how 
ſo much the Night is here; 
when the days increaſe with us, the Nights increaſe 
with them; alſo they have Summer and Winter a- 
mong them in an oppoſite manner to one another, 
and tis Winter there, when to theſe tis Summer. 

Laſtly Antipodes, even as they have an oppoſite 
Poſition by the Diameter, ſo all theſe Accidents are 
contrary to them. . 

For when theſe have day, their Ant ipodes have 
Night; when the days are at longeſt to them, they 
are at the ſhorteſt to theſe, when tis Summer to 
them, tis Winter to theſe: In the ſame manner alſo 
the rifing and ſetting of the Stars is in a diverſe and 
contrary manner; thoſe Stars which are always ſeen 
by them, are never ſeen by theſe; in what moment a 
Star riſes here, in the ſame it ſets there. 

(And this exchanging takes place alſo in all ather 
0bligue Spheres, by reaſon of eriæcij, Antæcij, and 
Antipodes, that it will not be needſul to repeat it in 
what follows ) | 

9. The third Poſition or Situation is of them, of 
which the Vertical point falls in with the Tropick 
of Cancer. Fig. 196. 

The Accidents of theſe are 

1. All the Stars which the North Polar Circle 
contains in its Ambit or Compaſs, are always appear- 
ing; bur thoſe that are about the oppoſite Polar are 
"Ns longeſt day is, om the Ten pling the gh 

2. The longeſt day is, from the Sun paſſing throu 
the Zenith; the ſhorteſt, if it be moſt remote from it 
to the South. 

3. The Sun becomes Vertical to them once only, 
when ſhe enters Cancer, and then they are A/ cij: 
And fince the Sun aſcends not further into the North, 


they begin to be made Heteraſcij; and this is che 


ws 
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15 place of chem, in which the Metidional Sha 


dow 
4. There is one Summer, by the Sun beihg con- 
* about the Zenith : Winter to the oppoſite 
and here alfo the Torrid Zone leaves of. 
10. The fourth Poſition is rand which inhabit be- 
tween the Tropkck of of 7 the North Polar, 


maT 
_ to us 7 things bappen. 
1. Many Stars either never appear, or never ſet. 
2. The greater inequality of the Days and Nigh 
is conſiſtent 13 and 24 Hours. 
3. The Sun never becomes Vertical to us, whence 
45 are neither A/c;j, nor Amphiſcij, but Heteroſcij. 
4. We have one Rutrmer aud one Winter, but un- 
like; for places nighto the Tropick perceive greats 
Suramer and leſs Cold: It happens contrary among 
thoſe who come near to the Polar, the Temperate: 
neſs is mixt in a mean of Cold and Heat. 
I. 2 Pofition of the & W e Gn, of 
which the Zenith ttt in the Polar Circle it ſelf 


Fig. 180. 
The Accidems of theſe are | 
1. All Stars, whoſedeclination is greater than the 
Obliciny of the Ecliptick, either ſer not, if they are 
Northern; or riſe not if they are Southern. 
2. The longeſt is of 24 Hours, the Sun being 
converſant in the North; the ſhorteſt Night eithe 
a Moment or nothing, and rhe contrary, if the Su 
be converſant in the South, the longeſt Night is 0 
24 Hours, and the ſhorteſt day is cither a. Moment o 
nothing; and in this place che diviſton of the Natu 
ral day ceuſes into an Artificial Day and Night, b 
conſuming the whole Natural day, by Day or Nighi 
3. Therefore the Center of the Sun touches 0 
ſhaves the Horizon twice every Year, wy riſing 
or ſetting; to wir, in the Tropical Poims, ie 
touch the Horizon. | 4. The 
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4. The Sun at Noon Time is always behel 
the > South, only in the Tropick of Cancer, the Sun 
deſcending to the Circle of ight, may be beheld 
alſo in the North; therefore here the ae 
leave off, and the Periſcij begin, which never 10 
have a Meridional Shadow only once in a Year, and 
is caſt ad inſinitum, by the Dux. ao 1 Bd, coragyiat 
the Tropick of Cancer, and deſcending to the [de 
of Midnight. 

5. They have one Summer and one Winter, but the 
Winter ſo cold, as their Summer is warm, which 
Live under the Tropick; but the Summer not more 
warm, than is the inter of the ame. is 

12. The th Poſition is of them, whoſe Zenith 
eonſiſts between ag Polar and the Pole. Eig. 199. 4 | 


In theſe Places. 1 


I. Few Stars riſe and ſet; to wit, which decline 1 
not much from the Equator; the reſt are either al- * 
ways converſant above the Horiz orizon, or always be- $ 
neath the ſame. . 

1 have an Equinox, as other places of the ba 
Er bythe Sun lng mand bur in two de- | 
of which the Declination — is 
* che diſtance of the Pole of the | 
from the Zenith, the Artificial day is of 24 — j 
* only ſuch a Moment to Night; thence che "1 
day is perpetual, as long as the Sun is converſant | 
in che remaining Arch: "The ſame happens to the 
Night, in the oppoſite Signs. | 
. Therefore the Sun conſiſting in that point, as 4 
well Northern as Southern, the ion of which pw 
is equal to the diſtance of the Pole and Zenith, tour 
times in every Year it lightly touches the * zon, 


in the Secticn of it with the Meridian, bei des 
the Eaſt or Weſt, i 


4 The 
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4. The Sun being conſtitute ahove the Horizon, 
in the upper half of the Meridian, is beheld in the 
South, but in the neither or lower half, ſhe is be. 
held ſome days in the North; whence they are Pe. 
riſcij, caſting the Shadow into all Coaſts, yet ha- 

. ving the Southern longer than the Northern. 

5: They have one Summer and one Winter, but 
the Summer like to our Winterz whence thoſe pla- 
ces always rage with Cold; that the Snows and Ice 
permit acceſs to the Sea, by reſolute Sailors, only 


2 Months. 

13. The Seventh and laſt Poſition of the Sphere, 
is the Parallel Sphere it ſelf, of them who inhabit 
under the North Pole, and have it for their Vertical 


Point. Fig. 181. 
The Accidents of theſe are 


1. Of the Fixed Stars, none ariſe nor ſet, but one 
half of the exerciſed Stars are always ſeen in the 
Night, the other always lye hid, as well in the 
day time as the Night. | 

2. The Artificial day is extended an whole half 
Year, as is alſo the Night; and the Sun arifing in 
the Vernal Equinox, conſtitutes a motion, not Di- 
urnal but Proper, and ſets when it deſcends to the 


Autumnal Equinox. 
2. To theſe the days are turned about in the Ho- 


rizon, to all the they are turned about either 
above or beneath the Horizon. | 

(Hence it appears, that the Prophets and the E- 
vangeliſts in deſcribing the Holy Scripture, reſpett 
ed the Inhabitants not ure but 92 by their 


Countries : for if we would refer the Deſcriptions of - 


them to all parts of the World, in theſe places, from 
the 3 days of the Interment of Chriſt, would be made 
3 Tears, andfrom the 7 days of the Creation, would be 
made 7 Tears.) | 

4. For 


part I. ch XIX. of Geography. 493 
For as much as thoſe who Live under 
the Polar Cireles, neither any Star by 2 Diurnal Mo- 
tion, either riſes -or ſets, nor does the Pole incline 
more to any oy yore of the Horizon than to another; 
therefore er is any thing Eaſtern nor Weſtern, 
nor Northern nor Southern, unleſs, with reſpect to 
the Equator, oe ſite Hemiſphere of them that 
ve North ſaid to be Southern: Hence 
alſo they Shalows alike into all parts of the 
World, by reaſon of the Suns being carried round 
about; and they are half of Periſcij, having no Pe- 
tiſcij: Antæcij ate made 2 and they retain 
their Properties for the moſt 
5. They have no Summer, but always Wintet 
jet ſome few da cars they perceive only Ene mall 
ckneſs of Col 
(For no Beams of the Sum ſhines on them in a whots 
ll Tear ; in the time * the other half Tear they are 
ery Oblique neither heat any thing: But 
uſo the an Winds . from the ares round a- 
bout them, do not a little binder this beat of the Sun, 
& often az the Winds blow; and fo an hard long Win- 
ter bath almoſt no remedy, alt hough thoſe long Nights 
if Darkneſs admit ſome Remedies : The which are) 
1. The San Beams riſe above the Horizon, al- 
though the Center of the r as yet 15 Mi- 
futes nord: which caufe, 16 days time, in 
which the Sun may be ſeen. 
2. Refraftions in the Air, ſhewing the preſent Sun, 
_ h indeed as yet it keeps at a — 
wilights, which dure the greateſt part of 
te * ut. 
Moon, in the oppoſite Arch of the Sun, 
tant ſhining with a full Otb. 
5. The Nath Pole, by reaſon of the Eccentricity 
of the Sun, gains 8 days before the South Pole, 
Which adds to the length of their day. 
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6. In which almoſt continual burning Gulfs appear 
(And theſe things concerning the divers Poſuions 
of a Northern Sphere, which, 7 they are aſcribed 0 


the oppoſite Signs, then preſently are bad the proper. 
ties 5 the ſame, in like Poſitions of a Squ bern [36-606 
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CHAP. XX. 
F the, Longitude and Latitude of Places. 


1. He Meridians, and the Equator, with its Paral- 
; lels, ſhew the Meaſure, and Terms or Limits, 
of the Longitude and Latitude of places. Fig. 133. 

2. The Longitude f « Place, is an Arch of the ox al 
a Parallel of it, numbted from the firſt Meridian, to the Meridian 
of the place, from the Weſt into the Eaſt. 

3. The firſt Meridian, according to Old Time, was that which 
was drawn through the Fortunate Iſlands, bat at this _ tis 
that which is drawn through the Iſlands of Cervo, or of the 
Green Promantory. | 


None is firft in Nature, as there is neither begin- 
ning nor end of a Globe; but the Meridian palſing 
though the Fortunate or Canary Iſlands, was account. 
ed for the firſt, by Ancient Inſtitution, partly becauſe 
Nature it ſelf had made the beginning there, of Afri- 
ca and Europe, and partly becanſe that places more 
Ii | 5 were unknown 10 the Ancients. 

Therefore after that, at this day, the vaſt Country 
of America being found out, it was noted as it were 
a new Orb, and the Modern Geographers bave tran/- 
ferred the firſt Meridian, in places more Wefterly; 
ard they begin them from thoſe Iſlandt, in which the 
Magnetic Needle bends or turns preciſely to the 
Pole of the World, which are cated the Iflands of 
Corvo, or the Arcen Promontory; and are Iq Degrees 
more IWeſierly than the Canaries. 

But wwe, according to the Ancient manner uſed by 
Ptolomy , in this Tratt, make tie beginning of nun: 
bring of Longitude ſrom the Fortunate I/lands. 

4. T's 


N 
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4. The Latitude of a Place, is an Arch of the Me- 
ridian, intercepted. betiveen the Equator, and the Pa- 
rallel paſſing through the Vertex of the place. 

Therefore the Parallel of a place being given, the 
Latitude of the place it alſo given; and the Latitude 
of a place is always equal to the elevation of. the Pole, 
ar hath been Jaid before | 

5. And the Latitude is two fold, Northern, which 
is numbred towards the North; and Southern, which 
5 numbred towards the South. = | 
6. And both, as well Longitude as Latitude, is 
either of the whole Earth, or of the known Earth, 
or of a certain Country, or of ſome particular place, 
pumbred either from the firft Meridian, or from 
ume pettcular place. . . __. 
a F hence the difference of two places ariſes, as 
well af Longitude or of Meridians, as of Latitude, 
or of Parallels of the Equator, which may be known 
it you ſubtra& the leſſer Longitude or Latitude from 


the greater. 
This far of the l. Fare of Geagraply: 
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of the Dimes ſron of the Terrene Globe 


lt 
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IN Meaſuring the Earth, three things are conſi lered. 
L 1. That which is to be Meaſured. 
2. The Meafure. 
3. The manner of Meaning 
| q 2 
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Of Meaſuring. 


Here are many ti the Dimenſion of which 
is ſought in-this at © Science. 
1. The Perimeter, or the Ambit of the greateſt 
Oe! in the Terrene Globe. 
. The Diameter, and ebe of the ſame. 
2. Ihe Area, of : any greateſt Circle. 
4. The Perimeter, Diameter, and Semidiameter Si 
of the Parallels of the Equator, and of the leſſer 
Circles. of 
5 I Convex Super -ficies of the whole Terrene _ 
Glo | 
6. The Solidity or Groſsneſs of the ſame, conſiſt- 6 
bi 


ing of three Dimenſions. 


7- The Amplitude or Largeneſs of the Zones and 
Climates. 
fa 8. The Longitude and Latitude of any Region or 
ace. 
9. The Diſtance of two places, as well in Degrees 
45 in Miles, Oc. 
— 


CN AN . ti 
Ty uſed in Meaſuring of the Terrene Globe. y 


HE Meaſures with which we Meaſure the Ter- 
rene Globe, are. 7 
1. Arches of Circles, every dhe of which in like 
manner as in Aftronomy, is divided into 360 De- 
grees, and one Degree Into 50 firſt Minutes or Scru- 
ple>, and each tirſt Minute contains the ſame num- g 
ber. Ur 50 ſecond Minutes,- and ſo en. 6 
*. Schtuaben Gorman Miles, are determined or li- 4 
mit -d by u Journey of two Hours. if 
2 ltalan Miles, or Ancient Roman Miles, 8 of 


which -onſtiture One Gernan Mile, witneſs Liph 2. Ki 
4. Stadium il 
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4. Stadiums or Furlongs, 8 of which make a Ro- 
man Mile, and 64 a German one. 
5. A Pace i in going, or 5 Foot of which 25 are 
bontainel in one Stadium, 100 in a Roman Mile 
6. Feet, five of which make a Pace. © © © 
79s; Percher, conſiſting of ſomt Feet, ng to 
the Inſtitution of any People, vwhence. they are de- 
nominated, Ten Peet Twelve Feet, Sixteen Feet, 
2 Feerand. = half, c. a bal, 
g. Inches, or 4 ingeis breath an an 12 
of which make one Foot. 


It. Concerning theſe dleafures, ut man ite, that if we would 
Meaſure them by Right Lines, they are Lipes having onlyienprh; 
but if we would Meaſure Superficies or Area, they are Square or 
Quadrate Superficies, ſtretched put equally into Length and 
Breadth : Laſtly, if we would Meaſure their Bodies, they are Cu- 


bical Bodies, o * n. — and * ar 8 
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lle Method of Meafiring the Terrene Globe, 

trom the Foundations laid. before in Arithme- 
tick and Geometry, we wir handle in the uſual 
Mathematical manner, by Problems. 


PROBLEM J. 


To turn Degrees of the E quator, and ＋ any great 
Circle into German Miles.  -: 


1. Each Degree of any great Circle, cither Cele- 
ſtial or Terreſtial, anſwers to 15 German Miles, or 
bo Engliſh Statute Miles, commonly appointed b 
Artificers; that, or from thence it appears, becauſe 
if we come nearer to the North 1 5 Geman Miles, 
we find the North Pole elevated one Degree higher 
man before, above the Horizon. 


Qq 3 2. And 
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And fince oftentimes, not only whole Miles 

comeintheway robe dea: lade 6 of 

you muſt know that ye divide 

ples or Minutes, wh 

bale 3 Mile, or the LoL. 
2 

pare n of half ap hone Journey, 


the > Equator to 1 iles and . Scopes of 


e Multiply the 5 — 3 
2. We . e ere, 


inde ſhall bans wha d if we add the 
9 


e 
— a — 268 414 
: Shorter thus. 
1 Draw the Degrees into 15, the Scruples droide 
ES NOTE. 
If when Degrees and Scruples of Equator come 


to be Multiplyed into Miles and — 
the Ratio i almoſt the ſame, as of Ts 


* and Scruples into one another. 


Ifwesrawof | 556 = 
the Equator f 48 1p. xv 


e Ae 
ing De- 


. ee The 


Narr H. Chap. HI. | Problems - | 
I ᷑ be whigh, abe Apexes being added, ſhew. 

I oh 
| There sn — 17˙ 


« wy. OV 0 O07 5 O.0- 


721 4 $4 R O S pL E 1 . 
gt jr Perimeter or Alb wy the 2 Gu: 


in Moles 


„ 


Since the Tellbeter 3609, fx 
tees. make Miles. what makes 
92 2 135. 369%. 4. ene ; 


PR Q B 1 E N III. 
To find the Diameter and Seniliameter of the Ter- 


rene Globe in Miles. 


T the digte ofthe Earth 
SHEA Tot Te | 


of which is 85 9 d the Semidiameter of it. 
hy to ban the Fraftions, for er 17258 1 C 


ſake, r the tamerer 1725 


Senidiameter- f 2. — 850 


PRO B L E M IV. 
To find the Arca of. a great Circle in the Terrene 


Globe. 

From the. Circumference —— — 5400. 
Half the Circumference is ——— ——— 2700. 
Draven into the Semidiameter —|———860. 


Froduces the Area — 
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PROBLEM v. 


Groen the di ae of f ary teſſer Circle fron the * 


tor, or from 4. the Jame 1 __ 
know the Semidiameter af it, and from the 


diameter, the ce; in Degrees of ew 
' the Equator bath 369". 


For from the Eiustor ets * Pole, innu- 
merable Parallels may be conceived, the diſtance of 
vhich from the . For makes known either the 


Latitude of the place, or the * of the _ 
which agree 1 in Sa 72 


f. Therefore that we may kriow the 8 
ter of ſuch a Parallele "=" et 


1. mow the Quadrant of a Gree. 89 60. 
* 2 away the given Parallel, fir Example of —g8 84. 


ere remain — . 25 


2. Seck the Sine o this nemainer, it i5—6b 174. 
2 is the Semidiameter of the Parallel ſought, 
in parts 775 which. 270 whole Sine i.. 100900. 


l. If we would know what Degrees of the Equa- 
tor ſuch a Parallel contains in its circumference. 


Make it 


As the whole Sine pez Degrees 1 So the Sine 4 To Dexree: 
100800 + 66174 ow" 13˙ 


For by drawing 66174 into 9 is made 42022600 
and dividing by 100900, comes forth 238, and there 
remains 22540, which draw into 60, and again di- 


vide by 100000, and it gives * 13, belonging 
to the; Degrees. | | 


Problem 


Gor 
9 * 


"PROBLEM VI. 


Jo turn the Circumference of rees of ſuch 4 
e into Milet. wot FOR 


1 1. GY 


he a of * 8 


Degrees and 
found by the. face Se multiply by, or 
draw into 15, and it prod , the ſame Circumfe- 


rence in Miles : So 238 : : . into 15, pro- 
duces Miles 3573: 15% © 


3 3 
lake 1 80 the Sine given? To Miles 
I00000, . 66174 3573:2% 


PROBLEM. VII. 


fo know bow many Miles o one' Degree of ler. a 
Parallel mater. 


ab fo Bis, $$0 ee tz To lite ad, 


3573: 23 


For by dividing 3573 by 366) it wares in the 
Quotient E and 333 remains, which being Multi- 
plyed by <6y, and again divided) by 350, produces 
* belonging to the whole Mües. 
$; Foundation is made the Geographical 
is — * at the end of the 4 15 
o n es agrees to one Degr 
org how man Which Parallels indeed are num- 
«gc only in whole Degrees: But if to any Parallel - 
there ſhould belong es, the number of Miles 
nevertheleſs may 1 had Rom that Table anſwering 
to one Degree, hy uſing the part Proportional; 
the wy of finding which, 1 will ſhew by Example. 


Exampls 


602 e reg HR Af, b. 
I. 


Tn a Parallel Vertical to 5—— x8 3 
How many Miles anſwer to one Degree ®... . 


Anſwer, The Parallel 4d gives to one Degree 1. 2: 
The Parallel 49 groes —9 : 50 
The Difference 1* or 60 hefrüz 


1 Decregſ mh de, ink 


The! Operation beige made, . 2 6 : TY of 
Miles. 5 


Which being taken away from 10: 
wie to one Degree ns ar Parallel, agree 


9 © 9 36 


PRO BLE MH VIIE 
To | og the Semidiamiter 47 . Kale, imo 


Au the — Miles S the! de 


101 N. 


To conclude the Convex a4 ei the u. 
Terrene Globe in Miles. o 


The Areaof hegreaieſt Circle jsof Miles=23 2200 
Draw them into-—— —— co — — 4 


And it 7 produces the Convex Siperſce 3 


PROBLEM X. 


' To find the whole Groſaneſ or Soli of the Ter- 
— Globe in 0 Mites * 1 
1. 


b 
G 


0 
l 


© "| 


—_— _ 


. hes afth 
ro _ 


60J 


. 
eee e | 


2. This e ey — — 


And the Quotient is i800 
3. The dot of this, to vit. —— 2662560000. 
6 whole Terrene Globe, in Cu- 


PROBLEM XI. 
To determine the tude ar Tur th 
Epuce, ts Milog. * 
C 1. Of the Torrid Zone. 


We will aſſume for roundneſs fake, the diſtance 
of of Ge Thopicks * Equator, according 1 to Ner- 


— — 
Therefore the Tropicks are diſtant IE 


from one andther— — — > OO, 0 
Which LN into 1 or multiplyed 5 I 5 
Mick i is the Latitude or Breadth ach of th the Torrid 1 


the Frigid Zone. : 
The alta 6 the Polar from the Pole of | 
the World, is the ſame as the diſtance of the Tro- 
picks from the Equaror, vis. 23* : 30, which mul- 


tipl 15. 
1 German Miles 
That is, 


the Latitude or Bread th of one of the 
frigid Zones, the ſubduple of the Torrid Zone. 


3. Of the Temperate Zone. 


1. From a Quadrant of a Circle — 39* : 60 
Take away the-diſtance of the Polar, i 
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2. Hence ſubtract the diſtance of the p * 

Tropick from the — ne Goh 
There remains * "43 

— Which muttipty by ———:;. * 
Tt makes the Latitude or Breadth F "ra 
- of the Temperate Zone, Miles 45 


PROBLEM AM. 


To know, according to the Opinion of the Ancients, i in 
what Climate any place is fatuate, from the PR 
of the longeſt day being given. 

From the given Quantity of, the day, for? 
Example, of Hours 
Take away 27 ſubtract the Equinoftial a 
day, or Þ 
The exceſs or — which i is, HourS—04- 
Double, and they makeüũ⸗4%%„—?c 08. 
From this take they Unity, there is left—57- 
Which is the Climate ſought. LEY 
PROBLEM MNIII. 
From a Climatc given, to find the middle Parallel of i t. 
1. The Climate given, for Example, 7, 2 14. 
doquble, and it makes — g 
2. To this add 3, and it A —— 17. 
Which is the middle Parallel of the Climate 7. 
From which middle Parallel, the fiſt and the third, 
ae always diſtant by Unity, and the F arallels of 
the Seventh Climate are 16. 17. 188. 


PROBLEM..XIV. N. 
Ir th manner, from a middle Parallel given, wheſ» . Py alwoys. 
dad, to find the Climate. 


'From the middle Parallel, for Example- 17. 
Take 20 ay —.ö(Äñĩñ„»O0“ ß. 
There remai ns- 8 


Half the remainer is the Climate ſought ——_—_o7. 
P ROB LE M XV. 


From any Parallel given of whatſoever climate to the quanti 
F the len. 9 N as : * 


W 
* 
* 


From 


. 


Pre. Ch. IM. Problems 6og 
From the Parallel, for Example 22, take away Unity, tis 216. 
This refidue 21 divide by 4, and the Quotient will be—g2, 
To. this Quotient add. Hours ·ͤ'ͥ u! . — . 12. 
And you will produce Hours — — — 
For the longeſt day under the Parallel of 228, 
= PROBLEM XVI. 
From the obliquity of the Ecliptick given, and from the 
certain quantity of the longeſt day, in whole Hours, 
haf Hours, or Quarter Hours, (according as Cli- 
mates are wont to be droided) to find the Altitude 
ef the. Pole, to which the length of the given day 
bw... | 
1. Aſſume the oy of the Ecliptick—23 : 31. 
And the Tangent of it — 43516. 
2. Let the given longeſt day be, Hours—16: 30˙ 
And the time of the Semidiurnal | 


Arch, HoltSmnn__—_——:T. 
And the half of the EquinoQtial — * 
HOUrS— ——— — 8 
Which ſubtracted, leaves the exceſs, 121 
of Hours 57 * 


3. This exceſs changed into time of ns fy 45 
Egquator, is * 
Which is the Aſcenſional difference of that day. 
The Sine of which i———————55557 
Say then. 
As the Tangent of 23* : 31 N To the Sine g So the whole Sine 


43616. 55557. 100009. 
To the Tangent 127670, the Arch of which 51" 


56˙ is the Altitude of the Pole of the place, in 
which the longeſt day is Hours 16: 20. 
PROBLEM XVI. 25 
Erom the Altitude of the Pole given, at the beginning 
and end of the Climate, to find the Amplitude or 
Largeneſs of it. 
8 For Example. | 
In the eighth Climate, the Altitude of the Pole is. 


Under 


6s Of GEOG RAPHT, Bode 
Linder the third Parallel, at the endofit=53* : : 10 
Under the firſt, in the beginning of the Climate 30 : 45. 
The difference of which is —— 02 : 53. 
Which makes Mile —43 1. 
That is, the Amplitude or Largeneſs of the eighth 
Climate. 
PROBLEM XVIII. 
To d the Longitude of any place from the 
Meridian, oro e Ker, rom one Ae 
- Bs rial Globe. | 
Bring FR ven place undet to the Meridian, and 
the point of Section of the Meridian and the Equa- 
tor, will ſhew the Longitude of your place. 
2. In Geographical Mage. : | 

I. Which have the Equator, compute or reckon 
what Meridian through yout place, which in 
the point in which it cuts the Equator, will alſo 
ſhew the Longitude of your place. 

2. But if there be no Equator on the Map, hy 2 
Ruler on your place, * withal, on two equal _ 
bers, in the Columns from to Weſt, 
ing the Equator; which will ſhew the Lade of 
the ſame. 

But if you deſire to know the itude of one 
pow from another, or what Longitude two places 

ve between themſelves, take aw = he leſſer from 
the greater, and the remainet will give what you 


ſeek. 
From the Catalogte Places. WE 
For this end lid are mide als ogues of the Lon- 
gitude of places, by Aſtronomers and Geographers; 
in which either the Longitude of the places them- 
ſelves are numbred, or the difference of time of the 
lame; or from the firſt Meridian, or from ſome o- 
ther certain place, from which difference of time, 


the Longitude of the lace it ſelf may alſo be ha 
by the following Problem r hab 


Problem 


F 


nes rer. 


re 


e wad Fre 


Ln. Problems 827 
ö xx. 


From the Longitude of Places, to know the difference 
of tine, or the contrary. 


I. Mo y as well the as the Scruples 
itude, by 4 Minutes of Hours, and you will 
— from the es, Minutes; the 


ſecond 
of Hours 


firſt Minutes 


wit, 


2 


be Lari | lace from the Equator, 
9 Aer, R two places. 
. N Mein and you 

Bring your given ro ian, an 
will fd db Eanule of it in the Meridian it ſelf, 


2. I: 


of G'E O'GR AF HY; Boo 
2. In Geographical Tablet. 


603 


Lock what Parallel of the Equator paſſes through 
your place, which will ſhew the Latitude of your 


. 


place, in Arches or Lines on the fides. 
3. From Catalogues of Places. © © 
For in theſe can yang of the moſt famous 
being noted, are fouũe. 
Oy "VI 4. From Heaven! © | 
The Latitude alſo of a place may be had, if you 
ſeek the altitude of the Pole, by the foregoing Aſtro- 
nomical Problems; for the Altitude of the Pole and 
the Latitude of the place, although they are divers, 
as hath been often ſaid before, yet they wholly agree 
in quantity: and the difference of the Latitudes ol 
two places is had, if you ſubtraQt the leſſer from 


the greater. 1 
"CE" PROBLEM x. 1 


To determine the Latitude or Breddeh of any Country , 
either in Degrees of the Meridian, or Miles. : 
I. Take the two Parallels of the Equator, paſſing 
through the Extreams of the given Country. . .. 
2. Subtract the leſſer from the greater, and you 
will have the Latitude of the Country in Degrees 
of the Meridian. | 3 
3. Multiply this by 1 30, and it produces likewiſe thi Latitude 
or Breadth of the Country in Miles. | 5 
; . or Example. : ; 
. Germany is ſituate between the Parallels of the Equator 33 and 
8 a des 
ro 5 e OF BY 
Mites, or 600 Engliſh Miles. 1 FRO 


To find the Longitude or Length of any Country: 


I. Aſſume the two Meridians between which the 
Country lies, and ſubtract the leſſer number from 
» 23 the 


2 


. 


EX , Whi ma V ou 
In this middl To ok he — K 
3. middle ow 
anfiver to one Degree, by Problems the 5th. sth. 
* of this I Part, a Page 600 and 6o1 and 
02 


u Multipl this number of Mi Miles b 
* Lo — / u ber Degree 
Situde ON or Length of the Sl in Miles. 
| For Example, | 
1 * i Sue Mirineze the Me Bene * 
Ference of which is —2 2. 
= "Feb Parallel puſſing through the middle of Ger⸗ 


many 7s * „ in which there is of Germany Mites 
9 and 38 anſwering to one Degree, oo may ſee 
in the Table at the end of the Book, at Page 783. 
3. Draw then theſe Miles ina 235 


And it produces Miles ———221 : 34. 
The Length of Germany. 


PROBLEM Xx. 


To find out the Sora diſtance of two places 1 
Ales, on the _— or . Chart. 


5. Extend the Cont xs from one plac to the 
1 nce of the ſame. 4 
2. Apply this to the Fence, or to that which 
repreſents it, being r on the Chart, and Mul- 
tiply the Degrees is diſtance by 15. 
3˙ Gr Ude bart have « Scale of Mites ahaib 


610 
to it, apply the ſame diſtance to this Scale, which! 
will b the diſtance in Miles. 


PROBLEM XXIV. 


From the given Longitudes and Lititudes of Pl; 
ces, to find the Itinerary or Journying diſtance 
in Miles, by calculation. | 


Divers Caſes occur or happen about this Probler 
as well Generq as Special; of the General there are 


three. 


Of the places of them which are under the ſam 
Meridian. | FCC 
I. If each place be under one Quadrant of the Me 


rid ian. 


er 


The Latitude of Uranburg i —55 : 55 
But of Rome. —42 : 02 
The difference. — — : 5 
Which Milttplyed by————5. 
Produces the diſtance of Miles———208 f. 
2. I the two places are under divers Quadrant 
ot the Meridian, and yet in one half of it. 
1. Add both the Latitudes. 


1. Take away the leſſer Latitude from the great 


2. Draw the remainer into 15, and you will har 
the diſtance in Miles. 
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I. General Caſe is. 


Example. ; 


2. Multipiy the Sum by 15. 


Rio1, the chief City of Livonia, is North Latitude 360: 4 


Example. 


re ll. Chap. Il. Problems. 611 
| LO | * 
The Sum of both is —— — 87: 20 
Being Maltiplyed by 15, gives Miles — 1312 f. 
The diſtance of Riga and the Cape of Good Hope. 
3. If they be in divers halves of the Meridian, 
and alſo in divers Quadrants, but joining together. 
4 Take the Complements of the Latitudes ©: 


2. Join them together in one Sum. 
3. And multiply it by 15. 


Example. 
Berga in Norway is North Latitude — 60® : 300, 
be Iſland of St. Peter in America, North Latitude 12 : 00. 
e Complement of the former is - 29 : 30. 
The Complement of the latter is —78 : 20; 
The Sum of the Complements is———— 197 : 30. 
Being drawn into 15, they make Miles 1612 4. 


4. If they are in divers halfs, andzdivers Quadrants 
of the Meridian, and not contiguous. 
1. SubtraQ the leſſer Latitude from the greater. 


2. Theremainer ſubtract from a ſemicircle or 1807ſ. 
3. And multiply the reſidue by 15. 


| Example. 
The Latitude of Rome is Northern-—1 2* 


122 

The Iſland Tuberon in America, ts 4 THESE 
 .tuude is Southern 

2. 

58 


The difference — 28: 
Being taken from a Semicircle, lecves— 153 : 5 

nich multiplyed by 15, makes Miles—2299 2 
That is, the diſtance of the two places giuen. 
RT 2 II S. eral 


— —— 
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II General Caſe is. 


Of the places of them which are under the ſame Paral. 
/el. 


1. If both are under the Equator, and have the 
difference of Longitude leſs than a Semicircle, ſub- 
tract the leſſer Longitude from the greater. 

The remainer being leſs than a Semicircle, multi- 


ply by 15. 


Example. 


Andrelles hath Longitud — 123. 

Amaræ, a Mountain of Ethiopia —56. 

The difference- — — — 72. 

Being Multiplyed by 15, makes Miles 1080. 

The diſtance of the two places given. | 

2. If both are under the Equator, and they have 
= difference of Longitude greater than a Semicir- 
cle. 7 

Subtract the leſſer Longitude from the greater. 

The refidue being greater than a Semicircle, take 
it _ from 360. 5 

Mulriply this laſt remainer by 15. 


Example. ; 


The Lake of Patina, its Longitude is———310, 
The I/land of St. Thomas, its Longitude is——30 
The difference — —— — — 280 
Being taken from a Circle or 360, laue. 80 


Which multiplyed by 15, makes Miles 1200 


The true diflance of the two places, becauſe it car. 
not be that 7 place can be farther diſtant from t| 
other than half the Ambit of the Terrene Globe. 

3. If two places are without the Equator, unde 
the ſame Parallel, and fo agree in Latitude, 4 


As 
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differ in Longitude ; there are many ways of find- 

ing the diſtance of _ | | 
18 


1. Subtract the leſſer Longitude from the greater, 
that you may have the difference of them. 

(Note, it is alſo to be Subtratted from a. Circle, if 
it increaſe beyond a Semicircle.) 

2. Inquire alſo the Latitude, or Parallel under 
which both places are converſant. 

3. Seek how many Miles anſwer to one Degree 


in this P L at * 783. | 
+ Multiply the difference of Longitude into theſe 
les. 


The number produced, will make known the di- 
tance of the. places. __ 
Example, 


The Longitude of Thyatira of Jonia is—58* : 55 
Of Larifla of Macedonia, the Longit:ede is 50 : 25. 
The difference is l 


The common Latitude ſerving both is—40 : o. 
Under which there anſwers to one Degree, MileS——i't : 29 
This drawn into the difference —08 : 20. 


It makes the diſtance of Miles ——= —— 95 : 41. 
II Way ſhewn by the ſame Example. 
The common Latitude — 49? ; 9. 


The Complement of it 59 : ots Sine 75504. 
The Longitude of Thyatiram——;2 : 55. 


— — — — 20. 


The Longitude of Lariſſa 230 : 35. 
difference ——8 .: 20. f 
The half is —— —4 : 1o.Its Sine 2275. 
Say then 


As the whole Sine N To Sine compl. of Latit. by the Sine of the bal 


109000, 76604, 7 205. 
To the Sine of half the diſtance 55 5 
4 %,? 


_ 9 — * _ ——_—— 7 xe SIP *%* 4 "44 
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b Whoſe Arch H CCS 2 II. 


The double of it 1s 


— —6 122. 


Which drawn into. —15. 


Makes Miles — 


1 


The true diftance of theſe places, from a double 
Arch, not numbring in a Parallel, but in a great 


Circle, 

III Way by Proſthaphæreſis. 
The Longit. of Thyatira 38 : $5. 
Of Lariffa —50: 35. 
The difference — 08: 20. 
Half of i904: 10. the ſame 40: 10. 
Its complement ———85 : 30. 
The Latit. of the compl. 40: 00. the ſame 40: o. 
The Sum of the twi—125 : 50. the Sum 44: 10. Its Sine 69675 
The Exceſs K———3s : 50 | Its Sine $8543 
Subtract o- — — be difference— 11132 
955 | Half ef it———$55 
Of this half, the Arch is — — ; I, 
The double is —: — : 22. 


Multiplyed by 


Nate at the Sign &. 


1. If this Sum viz. 125* : 50' ſhould be leſs than 

a Quadrant, inſtead of the Exceſs above a Quadrant, 
we muſt take the complement of it to a Quadrant; 
and inſtead of the difterence, the Sum or Aggregate 
ot theie Sines, and with the half of this Aggregate 

icek the Arch, the double of which multiplyed by 

15, ſhews the diſtance. © © 


2. If th: difference of Longitude be a Quadrant, 
do which in the Equator anſwers 1250 Miles, the 


— . 


Produces the diſtance of Mile. — 95 : 30 


{horteit 


—” es Aa Aw a tain © 
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Harte is, if you aſſume the Sine of the Com- 
plement of the common Latitude, and ſay, if 105000 
give 90*, or 1350, what doth the Sine of the Com- 
plement of the common Latitude give? The Opera- 
tion being made, you will produce either Degrees, 
„d be reſolved into Miles, by drawing them into 15, 
or the Miles themſelves of rhe diſtances of the pla- 
ces ſought. FFV 


3. The ſame Method may alſo be obſerved in 
other places, differing only in Longitude, if you re- 
ſolve the difference of Longitude into Miles and 
Scruples of Miles; as in the former Example, the 
Complement, of the Latitude is 76604: The differ- 
ence of Longitude is 8“: 20 which under the Equa- 
tor, makes in Miles 125, and of — + iles 

500, (which are produced if you multiply 8“: 20' 

y 15, and again draw them into whole Miles by 60, 
and add the produced Scruples of Miles)Then it you 
ay, if 100000 give 7500', Scruples of Miles, what 
doth 76604 give? you will produce Scruples of 
Miles 5745, that is, Miles 95, Scruples 45. 


III General Caſe is 


Of the places of them which are ſituate under divers 
Parallels and Meridians, and ſo alſo they differ 
in Longitnde and Latitude. 


2 


K 


1. If one place be fituate under the Equator, and 
the other without ir, and the difference ot Longi- 
tude be exactly 90, draw 15 into 90, all che Calcu- 
lation is performed, and you will produce 1350 
Miles, by which ſuch wo places are diſtant be- 
tween themſelves, 


4 


Rr 4 2. It 
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2. If one place be under the Equator, and the 
other without the Equator, and the Cifterenc of 
Longiende leſs than a wadrant. | 


The Procels 3 is thus. 


tude of Effena 70 : f 
+ 2 of Tyrus . 5 


Say then 


— C ei 1 Compl. Latit. 
99858. 83548; 


p $2029 te Arch of whichis—— Pp 1 
nd t lement fi ——233 : 2 
Which drawn into- — — —ä—— —— 15. : 
Shews * diſtance of Mile 502. 


Or 
The Loney. of Eſſena 78 3. 
44 0. 
The : $ — op $4. 
32 .of Tyrus My : 20, Compl. $6 : 


123. 859 > 5 Sine 86354. 
— 339 » Its — — 


The Sum—166861. I, 
Half of it is —83430- 


47 5 Arch is—56:33- 
Mempnt — 33: 27. 


2 „ — com] 5. 


Makes the diflance of Mikes 5or: 35 
3. If 


wa i ww a 


Patt II. Ch. I. Problems 
If one be under the Equator 
rei 
girude be greater than 4 Quadrant. _ os 


Proceed thus. 
7 151 


. e 164 128.4 
Tyrus 1 o. Its Latitude 330: 200. 


.— : 20. Compl. 144. 55 — 
Exreſ . — ; 20. Its Sine 12764. 


Say then 


To Sine compi. Lai. 1* e. of Lon- 


617 
th 


As 
100000; J. $3548, 


To 10664, the Arch of which — 7- 
To which a Quadrant being added, makes —96 : 7. 
Which mulriplyed by 1 5, makes Miles—=1441 45. 


ipolisis 164 : 20, 
© 44 rm; hoy 
C Semicircle \ 8 his 
EE * —_—_— 
——I 16; oo. — 40. Its Sine 65165. 
48 00. Its Sine. —— 43837. 
: SubtraF, and the differ. 121329. 
feu 164 
The Arch of this balf is———<6: 7. 


To which a Quadrant being added tis 96:7. 
That is Miles of d flance—===1441:45. as before 


1 4 If 


1 >, ; 
Tk, | % * [| - — 
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4. If both places be ſituate without the E- 
uator, towards the ſame Coaſt, and the dif- 
fir ence of Longitude be leſs than a Quadrant. 


The way of computing diſtances of this kind 
I will ſnew by Example, BADLY —__ 
in Geography. May mite 


2 
0 , 
The Longitude of Tubing is 33 : 40. 
The Longit. of Antwerp is * 4 - 
The diſſtrence 5: 00. The Rad 100990. | 
Its Complement 8 :; oo. Its 99619. ſubtra# 


De Verſed fue of 15. 


: * 


The Lt. of Antwerp icg1 : 12. Its Compl. 38 45 

Latit. of Tubing is—48 : 34. Its Compl. 41: Sha tract; 214 
Tbe ence——2: 38. 

Its Complement is — 87 : 22. Its ſne 99894- 


The Compl. of the ſum isoy : 45. W 2 -Jubtraf 
— 
Balf 2 3. 


Which being ** by the Verſed Sine 38 
And divided by the Radius aver 


— 158. 


Then from the Sine Compl. of the Latitude—99894 
Subtraf this OE —————— 


And you Will haut ————————— ——=99736 
The Arch of which — —— 85: 5 
And its Complement i Ä 10. 


Which drawn into 15, makes the diſtance of Ales = 


"Pk 5.8 
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5. If both Shed be ſituate towards the ſame 
coaſt without, the — the differ- 


ele of Longieude bea — 


The Sum 
9335 


Te difference is—86470. 
Ha of it LI 235. tis 
The Sane of 2 37 


The Compl. of 2 23. 
— into 15, makes Miles-965 : 45 or 5, 


6. If both places be without the 
towards the ſame Coaſt, having thedi 
of Longitude greater than a Quadrant. 


— 


In this Caſe FO? thus. 


5 
E. 
The difference is — 106 ; 0O5.theradiu 100000 
The exceſs of the diff. above a Quad. is 16: 71 Its Sine 29704add 

The Verſed Sine 127704. 
The Latit, of Heidelberg is 49: 35. Its compl. 40: 25. The Sum 
Of Carticardamna is = 12 : 40. Its compl. 77 3 20. 117%45' 


of Carticardamna i5——1 36 80. 
| Heidelberg 7 130 45- 


2 


The 
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The difference ĩ. 38 ; $5. 
bes Complement i————53 : 05 Its Sine is 79987. 


The exceſs of the Sum is ——=27, : 45+ Its She 46561, add 
Hat of it IS ——— 126512, 
——63256. 
Draw into the Verſed Sine of the Lair 1 27704. 
And being divided by the Radius, it makes 80780. 
IWhence ſubtradt the ſine 2 of the Lat. 79951. 


＋ 829. 


„„ Ro — 


The Sine of the Arch 0. 38 30"; 


To which add a Quadrant 9. 
It makes the 1 : 28 : 30. 
Which drawn. inio 15, makes Miles 1357. 


7. If both places be without the Equator, 
but one ſituated towards the North, the other 
towards the South, and the difference of Longi- 
tude greater than a Quadrant, thus: 
as the Exam 1 4, in the Iſland of T apro- 
bans, and 0 Heidelherg, — Hhhe 


E 
rs f is 126: o. 

Heidelberg 29:18. according to Meſtlig. 
The differ ence . 45+ the Radius 100000. 
The Exceſs is Its Ln 
e eee e 

Lat. of Hei g 49: 22. Its Compl. oy 
Of Baſſa ——- —————06 : 30. [ts compl. Fay 4 po al 
The difference 1d 42: 52. 

Tts Complement is—47 : 08. Its ſine 73294 · 
The exceſs of the ſum is—34 : 08, Its ſne 38 11 . add 


The Aggregate is. 129406. 
Half of it i — ca —— 64703. 


Which 
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Which drown into the Verſed Sine 4 225 


And divi 1 the Radius. makes————— 
Which ſubtralte enn 


the Si 
, ne 


Leaves — —— 16157. 


The Arch of which i ee e 19 
a Quadrant — —90 : 00. 
make — — —9g : 19. 
Which being drawn into 15, | 
makes the Ire of Miles— 1489 45 or 2, 


8. But if the difference of Longitude in this 
caſe, belebekng a Quadeige, we mit take th 
Complement of the difference of Longitude, 
and ad the Sine of it to the Radiu, that we 
may have the Verſed Sine of the Longitude. 


30. Its cn. is 299 ; 30 
Bafſa ifomm—o———056 : 30. Its compl. is 83 : 30 
difference i.. 200. 

Its Complement — 00. Its ſine i... 38779. 
The exceſs of the ſum 23: 00. 2 1— 39023» 
7- of 7 urns 97002. 


= | 
Rat auler by 1. Sine, ont divided 
545350. 


Which 
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— ——— 


—92 225. 
Which mutiphed y 15, — © 2 


1388. 
9 If it hould happen in this caſe, that the Sine 
of "he as ne ie rank peg ſo ſmall, al > weg the 
uotient arl e multi — — 
= Verſed Sine of the Longi — f dividi 

Product by the Radius, it ant de taken away from 
the Sine of the Com plement bf Latitude; the con- 
trary muſt be done, And the Sine of the Complement 
of. the Latitude muſt be taken from the Motient, 
and a Quadrant not added to the remaining' Arch, 
but we maſt take — to 4 Q 
ann convert it A 


a ' Example. 


Long. of the I Thyleis 33 : Os 
2 eee 
= ence 1 : 3:40. 3 Rediusis _— I 

s Complement id. 84:20. Its Sine 99311 
And it makes the Verſed ſine 199811. 
A of Thyle is——6; : ©. dts camnpl 89 20 Fan 
The Latit. of St. Thomas is—16 .: 393 7 
| nd 4 - : 


COMPlement o———— 

The excefs# of the 1: 
Half 

Which drawn into the Verſed -rled 


_ gitude,, and divided by 2 
From this take away 1 


"There remains 


| The Archofmbicd i 10%: 52. 
And its Complement=79 : 08 
Which 


ms. fo EE OS 3 HE * 
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difference between the 


and to this add an arch of a Quadrant. 


Thi La of Ctmitini- 


Propoſition of 8 1. 


Which Multi pled by 15, makes the diſtance 7 
Miles 1187. 
10. If the difference of Longitude be chiefly 90*, 
the thing is done briefly, if you take half of the 


of the Complement of 
difference of Latitude, and the exceſs 61 the Sum, 


Example. 

2. 
he Longitude 5 26 : 

n 8 ; 0. 


A be difference is—=———— 
— : ert 47: o't The ſum 


The Latitude [Sm O06 : 30. Comps. 8 0 
Th Eng: 3 3: 304 130%0 


Complement i.. — $3 : — Its fine is 80386. 
255 exceſs of l o. Its ſine = 64945. fabtra# 
difference — 15441. 


it — 3 20. 
To the Arch . Few 2 
Add a 2 — . 


And _ mae 94 
Which multip ed by 15, makes the 22 ＋ 


Miles 1416 : 'J0's 
Vi ring the diſtances of Places, from the Longi- 
a the of differences. 


Same in this c 4 laces, uſe the 47th. 

— uclid, On Ratio, 

'115leſs x eſpecially when two places 

are far diſtant, — they 2075 zſe the Arches of Pa- 

rallels - for right Lines; notwithſtanding we would 

wot altogetber negled it, 1 
n 


24 


of GEOGR AF? 


be d 


3 Take the deere a3 will rue l. 

as of the Latitudes of the places. "=o 
2. Multiply the difference of Latitnde he us, 

„ ve it in Miles. | 
3 ſame difference aid te he 8 

Latitude, that you may have. the mean Latit 2 0 

Parallel. 2 


by, 


4. See how many n Deol of 
mit mean Parallel a P ar, 
5- Multiply this into e Tificrence of 
£ Tuke the E 


8. key the 1 
Square Root, which will be the diſtance of the plac > 


being reduced again to Miles, in dividing by 60, 
Example. 
The Longit. — 4 — 33⁰ & 


The La. f Antwery 315 ; 14 

en the Latit. 48 : 

— 3 ; 00, = 38. 
s Miles 39: 30, or 2340. 
Ference of Lititude—01 : 


Half the 
Being added to the Ele 
Exhzbits $+-- _ 


— 


of 2340 le- 547 5600. 
. T7, 
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8 ' 13856625 


7 he diſtance of the given ng 
NOTES. 


Concerning two places, one of which is of Nerth 12 
K * Ne | ” 

1. In this caſe the difference of Latitude is not 
taken by Subtracting the leſſer fron the greater, 
but by the addition of: both Ltitudes. 

2, If the Latitude of either place hath the me 
or equal quantity, either of them may be taken for 
the mean Parallel, with which the miles are to be 
inquired agreeing to one degree of the Parallel: 
— if theſe Latitudes are unequal, then join the 
half of the greater Latitude to the laſſer, and it 
vill produce the mean Parallel, of hi the miles 
xe to be inquired agreeing to one Degree. |, 

PROBLEM AYV,'. 
The Longitade and Latitude ef Placgyehein 
cribe the ſame into Geographi 

1. Aſſume the Chart at Pleaſute; whoſe Right- 

— K. te the Welt, the upper par bo her: 
or the re the 
North, and the lower for the South. 1 

2. Divide the Extreams of the Chart ot Paper 
nto certain degrees many or few. (aceorging to the 
Longitude and Latitude of the Country. which you 
deſire to deſcribe), obſerving this, that if you de- 
ire to make the Ordination 0h Places a and 
exact, = muſt allow ſo much ſpace to each 

t at * ie tenth Migute ale maxibe 


Apply 


& Þ 1 dl 02 t 
N + a4 5s of =, 8 


SC 
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3- Apply a Thread, or draw an occult Line bya 
Rule, to the Degrees and Minutes of Longitude 
known in the upper and lower Part, numbring 
from the Weſt into the Eaſt. 

4. In the ſame manner alſo number the Latitude 
from the South into the North, and ſign it alſo by 
a Thread or an occult Line; and where the Thread; 
or Lines cut each gener mutually at right Angles, 
there aſcribe your Place; act in the ſame manner al- 
ſo with others. 1 


7 
8 
J wn 


PROBLEM XXVI. 
To inquire the Sites and Diftances f Places ſeen from one another, 
and to deſcribe the whole Countryſcen, on 4 Chart or Paper. 
1. You muſt prepare an Orb, and in it a Circle di- 
vided according to the 4 Coaſts of the World into 
4 Quadrants, aud each into go Degrees, and ſo the 
whole Circle will be divided into 360 Degrees, and 
it muſt be furniſhd with an Index with ſights to 
look through. | 
2. With this aſcend ſome, Tower or any high 

Place, from which many Places may be ſeen lying 
round about, and direct your Orb to the Coaſt of 
the World by help of the Compaſs. or magnetic 
Needle, to the place. from which you deitrc the 
Proſpect, an begin to Number from the next Coaſt. 
And fer Example, Rr the firft place of our Station be Herren 

pe menen d ray pe ry porn 
te South, r I fu 3 8 


3. Then by the Orb remaining unmoved in this 
Site, I direct the Index with the Sights to the place 
next to the Line of Eaſt, and note the Diſtance ot V 
it from the Eaſt; or the Angle of Viſion, which 
alſo I aſcribe into the Chart N for the pur - 0! 
poſe, being ſhewi by a Circle deſcribed on my Chart, *: 
1 the center of which, I draw a Line through ;, 
K : the 


. asEA©E.. 
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the Degree of Diſtance or of the Angle of 'Viſion 
of the Place obſerved : And let this firſt place ob- 
ſerved by us be the Tower of Roſeck, diſtant from 
the Eaſt towards the South by the Angle of Viſion 
43* by a groſs Calculation which ſuffices inſtead 
of an Example. E 

4. But from hence I direct the Index with the 
Sights in order, to the Second,. Third and Fourth, 
Fifth, Cc. Place, and I obferve all the Angles of 
Viſion, and in the ſame manner I deſign them in 
my Chart by drawing a right Line of Viſion from 
the Center. 


The Places are theſe in our Example, Fig. 204. 
Wurmling Y Diſtant 5 56% of 


014 Rotemburg © from the) 76: o. 
— oh of ) 92: 422 2% off 
Bondorf Eaſt 110 : of ridian Line {20:0 

5. This being done I diſpoſe my ſelf to ſome o- 
ther place now to be obſerved, and there I direct 
my Orb or Inſtrument, ſo to the Coaſts or parts of 
the World, that the Degrees of this place obſerved 
in the Circle, directly reſpect the former place of 
Station, and be oppoſit to it Diametrically ; and 
let the place of this ſecond Station to us be the 
Tower of Roſeck. | 3 

6. Then from this ſecond place, I inquire again, 
anew, the Angles of Viſion of all the aforeſaid 
Places, and alſo of others which I can attaia to by 
Sight. | i 

Theſe Places in our Example are. 
Wurmling diſtant from the Line of Eaſt go*, and 
cherefore direftly beholding the South. 5 | 
Old Di ! 6% C ; 5 
— * 80.0 3 
Thailfing. . Line towards 100 : oM Eromthe I. Jo“: % 
Her - the Weſt, 126: 0 ff Weſt 36:0 
Sſ 2 7. Which 
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7. Which places being thus obſerved from my 
ſecond Place of Station, I reaſſume my Chart, or 
Draught, and in it I ſeek the Line of Viſion dedu- 
ced or drawn from the firſt into this ſecond Station; 
in which I aſſume the point continued, diſtant from 
the point of the former Place as muchas you pleaſe; 
And by how much remoter the Point is aſſumed, 
the Chart to be deſcribed will be the greater, and 
the meaſures will be made the more exact. 

8. That accepted Point will repreſent the ſecond 
place of Station, from which 1 deſcribe another 
Circle, and in it I number the Angles of Viſion ob- 
ſerved in the ſecond Station, and again I draw 
from the Center, the Lines of Viſion of the afore- 
ſaid Places as delpre, Se Fig. 204 being a Scheam o 
the deſcription of t ces, in which. 


The great Letters denote the Sites of the Places: But the 
| ſmall Letters the Degrees of the Inſtrument, through 
which the viſive Lines paſs. 
H h. Herrenberg. A a. Old Rotenburg. 

Rr. Roſeck. B b. Bondorf. 

Wu. Wurmling. Tt. Thailfing. 

9. But if you pleaſe to extend the Chart further, 
and to deſign ſome whole Country in it, diſpoſe 
your ſelf to a third Station, and direct your In 

ſtrument to the ſecond Station, in the ſame mann 
as before you did it in the Second with reſpect ti 
the Firſt. 

. 10. And the Towns and Cities being deſcribec 
in courſe, you may eaſily alſo inſert, Rivers, Wood: 
and Mountains, according as they are further fron 
or nearer to theſe Places. 

11. Laſtly, if after you have deſcribed the 

Chart, you are willing to meaſure the diſtances o 


all the Places deſcribed in it from one another, you 
; | m I 


1 »— B - 
- N r 


2 n 1 — * ITD ITS 1 —_ 1 r 1 — — — 
” 4 + %*- 2 : . ” a = y K * _ - ; 


* 


e 


— — — —— — — —— C 
Z 


In which are 


N 
; 


A TABLE of the ! 


Brittannia. 


| Canadenſis. | Borneo. 
of Great, 9 . Japonia. | Sumatra. Novazembla. 
Iſland ia. Madagaſcar. | California. 
Sicilia. Java major. , Sardinia. 
Hibernia. | Celebes. | Friſlandia. 
iNands Sof Mean, 13 Hiſpaniola. Creta* Newland about new F 
to wit, | Cuba. Luconia. Mindano, Ceilanum. 
Gilolo, Amboina, Timor, they lye betw 
Of Small, 9 < Corſica, Majorica, Ciprus, from Negropc 
Seeland of Denmark, and Jamaica, &c. in the CG 
The moſt famous, being ſolitary or alone, are f 
Maderas, C&c 
A Pile, viz. thoſe which in 7 Canaries, 
a great number lye in the N Flemiſh, . 
E Leaſt, of J Sea, very near together, ) Heſperides, 
which we con- J as the The Gulf of Mexic 
C - * der Maldiva, 
| | Africa it ſelf, 
Of round ones, of which the breadth Peleponeſus, to wit 
and lengt ap. about equal i —__ Tauric 
ja. 
. Cherſoneſus aurea, to wit, Malacca, adjoining | 
Cimbrica, to wit, Jutlandia, adjoining to _ 


2eninſala! „4 Of Oblengs, of 


which are 


_—_— joini o Tartary 
North 285 parts of America. 


Italy, Greece, Achaia, in particular Beach, the 
Hiſpania, Aſia the leſſer, Arabia, | The Kingd 
Norway, with Sweden and Lappia, New Britat 

n 


which there are 


pe- 


ELL SS » 4 
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Vo 
the Earth. 


t new France. 
anum. 


e between the indian Iſlands. | 

\cgropont, they lye into the Mediterranean Sea. 
n the Gulf of Mexicane. 

e, are Rhodes, Malta, Lemnos, St. Helleris, St. Thomas, Th : 


1 


ras, (Fc. 
About Madagaſcar. he Iſlands of the 
| Molucca and Bandana. 
Japponi. Of the —— Sea. 
Mexicane, apponia. X About, ama, "I 
c. 


3 the Morea, Cherſoneſus of Greece, 
Taurica, viz. 88 


1 


| | 
| fThe Atlantick or Notth The New 

| | Sea, which divides—& And Od Sorb, a 
ſthe Ocean, The Pacifick Sea, or Mare Delzur, between th 
and called ꝰ Northe Far Northern. N in ſome plac 
the Sea. on * Frozen. $ beholding tl 
Southern, viz. The Magellanick, preſenting 


foblong fi. The Mediterranean Sea, viz. th 

fix o Africa and the Countries of Euro 

| which to the leſſer Aſia, whoſe Parts 
are 


12. The Baltick Sea, viz. the Gulf c 
| . | Codan, whence the Secondar 
— Gulfs. 
Gulſs, 3. The Arabian Gulf, between Afr 
which ares | 4. The Perſian Gulf, between Ara 
either 5. The Californian Gulf, between 
i 


6. The Corcenfian Gulf, between 


| of Tartaria and China. 
| T1. The Mexican Gulf, between 


Which is 


| 2. The Gangetick Gulf, viz. th 
or the Shoars of Idoſtan and 
$: © 3. The Gulf between Malacca 


which | 4. The White Sea, on the Nor 
are S and the Extreams of Moſcoviz 
ix, % The Sea Lantchidol, between 


the Magellanick Land. 
6. The Sea of Hudſon, betweer 
ariſing fromthe North Ocean, 


Magellanica, which comes from 

the narrow Seas or Straits. 
Le Maire, nighto 
Waigatz, about new Zembla, t! 
The narrow | Anian, which tends from the T. 
Seas or Straits, 4 Davis, of Forbiſcher, in which, 
to wit, of; The Straits of Gadiraua, in whic 
| The Straits of the Arabian Sea, 
| The Straits of the Perſian Sea, in 
A Helleſpont and Boſphorus, in whi 
| L Danicum or Oreſcundicum, throu 


The Caſpian Sea is like to a Lake, but that it is Sal 
to be aſcribed to the ſides of the Gulfs of the Oce 


ws >”, * 


TABLE of the Sea. 


The Ethiopick, 5 
om, and about thiz< The pe We, k, Ocean. 
Brittanic 
ween the extreams of Ip and the India Iſlands,and looks upon the Weſt of Ameries. 
me place alſo nigh the Tartarian Ocean, 
ding the North Land. 
ſenting it ſelf about the Magellanick Land; part of which is called the Indian Sea. 


The Iberick or Spaniſh Sea, the Ligurn, the Siculum, _ 


viz. the inner, The Creticum, 9 Sea, Cc. 
of Europe, running down Adriatick, viz. the Gulf of 
Parts are, The Secondary 
Gulfs 

Gulf of Corinthiacus, 
condary Livonicus, —_ ) Saronicus, C And 

Finnicus, Termaicus, 
een Africa and Arabia. 
en Arabia and Perſia. ro be looked 


tween Californie and En 
tween Corea and the utmoſt Shoars 


upon 
beheld. 
etween Atnerica North and — 


viz. the 1 between 
and Malacca. 


2 


from the Atlantick or Kthiopian Se into the Pacific, it i the N of a 


Inica, and the ſame uſe, 
8 through which it paſſes from the North into the Tartarian Ocean. 
the Tartatian to the Pacifick at this time tis called in doubt. 
which, is away from the Atlantick into the Tartarian or Pacifick Sca. | 
in which they paſs from the Atlantick Ocean into the Mediterrancan Sen. 
n Sea, in which they paſs into the Arabian Gulf. | 


pa 
, through which they paſs into 


t is Salt, and concerning whether it be peculiar, adit cr col 
he Ocean, with ant hoy 


of ane, to Fold aut. 


—” y—_ © % {ww por , ay ” . of . „ 


(i 
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F 
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muſt inquire the Itinerary diſtance of two places 
in Miles, or which is more ſafe, in hours. 
Then take the Line of diſtance of the ſame places, 
which they have in your Chart, and divide that Line 
into ſo many parts as the Diſtance of places con- 
tains true Miles: So you will have a Scale of Miles, 
by the help whereof you may meaſure all che ou 
nn on your Chart or Map. 


The End of GEO GR. KAPHY.. * 
een — 


EPITOM EAT OPTICS. 
t ee e A Ac: 
Puck, which they alſo call the Inſtrument of: 4. 
"Sin, Jand Ferſpectivej is a Science whichſtixſi- 

47 the ferences, the proper ira, the Affe und 
atcidences vf Viſible Speties, ur of things percorunblt by 
the Eyes, and the Nature of sen it ſelf, and det. 
aud correlt che Ae Ne are Men wont to ariſe 
from Viſion ot Stet T 2 13030 

2. Tis uſual to. 1 Barts of i 0 

r, The' _ called in Particular, which afts 
concerning t le Vi ſion of Spetiot; runnin in direct- 
— — 6 4. into the omg 80 

2. Catuptrics,. concerning the V. fron of - outward 


Forms or ee * ada. n 
ther thing. 


3. Meſoptics or Dioptrics, concern 


„ 


baer the 7 — 
He For mor Speries Hoe in Soo f e ar 
Meant. 


- 1 * 1 1 1 2 8 


Part I. of OPTICS. opt r 


CHAN 

C oncerning the. Eye, the Inſtrument of 4 7 
r Organ and Inſtrument of Viſion or Cee- 
| ing, is the Eye": As 87 75 the chiefeſt thing with 


the 


—_ 


f 1 3 2 . = 9 2 8 o _—_— £ 
r 8 To on HR ny SZ 3 


4 > — — — —— — + 
Cc 26 - AE ev i £4 i 


___ 


; 
| 
5 
1 
by. 
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the reſt of living Creatures, ſo firſt of all tot he uſe of Aden; 
by a wonderful Artifice made by the Di une Wiſdom, to the 
end that we may ſec, that is, that we may underſtand and per- 
ceive the Species and Hgares of things at a Diſtance. 

And tis a matter of very great concern, that Men 
and other living Creatures, know alfo 'thoſe things 
which are far remote or at a diſtance ; not only 
that they may proſecute the Good, and fly timely 
from the Evil; butcbiefly, that Men in Contempla- 
ting this whole Machine of the World, may know 
the Invifible God, from the Viſible Things, and 
Praiſe and Magnifie him as the moſt Wiſe, the 
moſt Excellent, the great Creator and Governor of 
all things. 5 2 4 
And as the other Senſes without the External and 
Corporal Inſtrumeat, percieve nothing; ſo alſo 
without the Eye a living, Creature ſees not : And 
as the Sight is the moſt excellent Senſe of all, lead- 
ing us to the knowledgeof many things, which the 
other Senſes can never reach to: So the Structure 
of the Eye is moſt Artificial and Admirable, which 
from the Phyſical Science, or natural ;Philoſophy, 
is briefly to be repeated. | 44 

2. The Parts of the Eye are threefold, the Skins, tbe Humors, 


be Sinews or Nerves. Wn, 
_ Underitand this of the eſſential and chief Parts; for there 
are many of the ſecondary and accidental, having alſo notwith- 
ſtanding their excellent Uſe ; concerning which we ſhall ſay 
famewhat in that which follows. e 

3. Any Eye bath zbree Coars or Skins : The Horny; the firſt 
that covers the Optic Nerves, and the Tunicle like a Net. 

This in like manner is to be underftood, concerning the 
principal Tunicles common to the whole Eye; belides which, 
there are others alſo proper to certain Parts ; ſo that ſome are 
wont to 28 — = : But Tunicles in 3 
are called Covers, which encompaſs each other mutually, and in- 
rolre and conſtitute the Eye in the whole or the greateſt par: 


& Tie 


of it. 
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4. The Horney i that outer part which encompaſſes 
or 8 all 1 3 ng part ths A 

The outer, to Bos 3 reſp 'to the other 
rincipal parts: For alſo from the, Pericranium i 


t ſome v hin and pellucid Membranes, fai 
Wen lated on a kin, which a covery | this hox- 


y Tunicle, and recaigs it as it were by à band in i 
pee : And, 559 Horny, becauſe its ing 


hich ſt mewhat, is likea ſhiai 
üb orn, heres the hinder part with 


7 is inwardly dark, thick, opacous, an 
to griſtl 


J. 
5. The Optic Nerre * le 5 " that 7. which 
yp Ns ; 


withdrawn of the Herms, and 


but is not whole: as the. Horny, but 7 7 
which is called e Sight of the. TRE 


nto 0 2 i the 55 


br 
mike of (Eras Jon. 


which Þ he Ste 1 5 ped of 


5 9 8.5 | 
is more Azure or. Blewiſh, and is gajled C10r10r : 
And that hole. whic wecall the See the Eye, in 
times wider 


than in the Light, and encompa es. the wide Circle, 
ſhining through the Horny, is, called tris, 
and is of divers Colours, Dark, Brown, rang 
Yellowiſh, &c. according to the beth 
7 and alſo een the chang 


of a Ma 


6. The Tunicle, . 4. Mie Net 5s the iure 


ard is re r the ; 7 ain, Jr more 
dureh and Reddiſhy c. 7 jorjrngs or Nerves 

1 h Hemiſphere 
Sri « ine inler ging (leelues in the, We 


I ja a Sack 
chere teal lie , apt NB a 


Darkneſs and in Night, is mol 
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Net) or more like to a Tunnel or Funnel ; to this 

on the forepart round about, ſticks or adheres that 
which is called the proceſs, belonging to the Eye- 
lid, ariſing from the Optic or Sinewy 3 and 
diſtinguiſhed like the Teeth of a Combe; and from 


thence they receive _ Name, becauſe they are 
made of Hairs eee Optic: Sine w y Twnidle, in 
ue 


the ae of 1 ng as it were 

om caſting forth bright! ms, and are Jike t to 
the Hairs of} the re, n 

7. The Humors of the Eres We j ; Ping ruſhed 

2 their Seat or Place on every ſide, to w. N atery, 
line, and Glaſſey. | 

8. The W. atery p eſſes Fur the PTE 4 of the Eye, 

— the Hh cle and . Chriſtalline Humor. 


jy poſt t þ ſhibing, fluid like — whence 
ie Kar fe ame; yet clammy as the white 
wp op in the middle, return 
ine . heck from ic Nerve "w{ich flow flows 
iti ang Wt without the hoben the fight of the Eye. 
Chriſtalline Humor, , in the middle be- 
xeon kt, Wittry aud the Glaſſey Humors, folded inby a 
pellucid Skin or, bc, which therefore is called Chry- 
Halline, alſo alſo Arachnoides or the Web of 4 Spider, byr rea- 
8 ſen of its thimefs, 
For ĩt coützins the Chryſtalline Humor i in the mid- 
le of the Procefs. of the Eyelids, like the hanging 
; ., of a Spiders Web: And the Chryſtalline Humor 
Ea, u e ſhineth like to a Glaſs made of 
nor Jet is it hard, nor flewid, but like 
"to Wax yet ſomewhat Firmer. 
10. The 
the Eye, wr 


7 


H 7 
pd deb ont the and ſhining lint 


Skin called des Tunica. 
c but ſofter, yet fix- 


- Tis kiging,” alike as Chriſta], 
ed and like to melted Glaſs, in which the Chryſtl 
ne 


iin the hinder pure of 
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line Humor reſides in its latter ſeat, as 2 precious 
_ or gemm in a Ring. 
the Nerves or Strings of the Eyes fame 

are . of Stirrers, others are Inſtruments * Sighe 
or —_* 
Tho motions of the Eyes,do Service in a te- fold 
manner, by lifting up, by depreſſing, by twe be 
ing tranſverſe or croſſwiſe, and al r them being 
circular. 2: 0 fo 

And the Optics or hm of Sight ate one 
to each Eye, which notwithſtanding meet qt con- 
vene both in one, which the . is 
the vehicle Spirit or life of Sight: 

And theſe things are to be forcknown chin 
the ſtructure of the Eye in Optics, ' which the mo 
wiſe Maker or Builder hath placed on high, as the 
Windows of the Mind or Noderſtandiug, that the 
Sight may extend to places further remote, as from 
high Mirrors or looking Gldfſes!: And he includes 
them in hollow places to ſeeure them, and for the 
ſake. of s more expedite matiau hath madę them 
Spherical, and in movable Orbs : Briefly; he hath 
likewiſe direQd all things Which ſeem Very 1 
to moſt excellent Uſes; con which; ſome 
thing ſhall be ſaid. in the Procedure. 

1 alſo we tnuſt note, that 

12. The Eyes of Men: e ejrher Außen. S 
bytas, or go. 1 3 24 

1. Myopes re they, which ſee diſtinctiy near at Hand, 
berry uſed afar of; as 7 0 


applies himſelf to 


ſabtil Arti fices, and 


ac cuſt ms his Eyes #0 things ww = but to things 


remote be ſees but little. 

2. 5 2 are they, nick ſer remote thi 
ſtinft things near at hand confuſedly, 4: 0 
rd aN whence is derived the Etymolo 
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becauſe by a Child, the Eyes are — <4 pa to re- 


mote things, than to things nigh at 

Laſtly , Oydeteſoi are thoſe which Nadir ber one nor 
the other, but all things confuſedly, as being dimſigbred; 
or they bebold both 4; ſtinftly, as thoſe which are endued 


with ſqund bealthful Eyes, 
alſo are referred Nictalpes, which like Cats 


Aber 
ſee better by Night than in the Daytime: See the Sc heam 


. of the Eye at Fig. 205. where. 


AA, is the protuberance or ATE out of the 


To Wy iy. Horny Tunicie. 


XE, is the opacous latter part of it. 

CC, is the foratiaſt part of ne Sinewy 
alu Tunicle. 
NN, the latter or hinder part. 
By the hole, the fight of it, with thrumbicat 18 
319 'orCircle with —— ebe of — ＋ 


21 


4E, {bores Tunicle.  '. 
EE, The Chry Humor, included by that 
ac like a Cobucbe lis 


F, The Glaſſy Humor, corerd by! =y glaſſy 
green Colour MM 
* The watery Humor. +: 1 
G, The Optic * k 
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_ whatſoever ſeems or appears, that likewiſe 
ay be ſeen: But not every thing which may be 

* does alſo appear: And there are many viſible 
Things, which not only. incur to the Eyes of one 
or another, nor to the Eyes of an Men, nor per- 
chance will ever incur in this Life. ene 

2. Tis from viſible Power or Poſſibility, that alths? 
by reaſon of Impedements coming berween;rirnot ſeen neier- 
thelefs it may be ſeensf the Impedimincs are removed. 
So in dub things are in poſſibility vi- 
ſible, which nevertheleſs by reaſon of Darkneſs in- 
tervening are not ſeg ; but they may be ſeen; and 
by light arriving then are actually ſeen. | 
— 3. And Viſible 3 is, that which grants or 5 
to all things the net requiſits to Se 1 
Aeg eee, r * 8 
There are many ſueh requiĩſits which are requiged 
either to plainly Sing, or to See Mell; of which 
on or another heing wanting, the V ißon or Seeing, 
becomes either none ax all, or confoltl urid | erroneous. 

And for this end the Optic diſcipline is invented, 
which explains all theſe requiſits, ad detects and 
corredts the Errorsof the onẽ and the other Springs 
in u „ 8 * 

Hb eve; n things « are Vi * by thyms- 
ſelves, others by . 


A thi , which ü ber Sence, 
hag tis = — i it of, o- 
ther Sences. 

feen by it T7 at 
kreſs, mn 2 or ſhim 


ly, which in Preſs is not ſeeny 
g's > chlor. 

Theſe Viſible things may be\cpnfidered two- 
a; *. r 1 
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and in their own Nature; 2. with relation to the 
Eye, to wit, how they have each thing in them- 
ſelves by the agreeing Operation of it: "This lat- 
ter conſideration is Optics, the former is Phyfics or 
natural Philoſophy ; notwithſtanding ſome. things 
alſo are to be aſſayed, before we proceed i in Optics 
with an inofftenfive Foop. 

7. Vilibleby Accident, (mbich als arc viſible by mo- 
ther thing, and are called common Viſible things ) are they 
which offer 7 rot.chemſelves to , at the firſt and by them- 
ſelves : But ether are Viſib N Pri vatiue alone, 
or abſent by themſelves '; or not firs, alone, but they are 
conmmenty perceived, by the help . Af aber Senſes, or by 


x 
Fake, Darkneſs and Sven are beheld Bri- / 
vative, for theſe are perceived: by the abſence of 
Light, but that by theabſence of Colour. t. 
Baut thoſe things which are wed alſo by at- is 
ther Senſe, and by the helpok Reaſoning are many; | 
which yet may ſeem to be reduced to the following 
Kinds: As they are, 9 1152 44:1 DI 
| bs H e, ander Lich 15 contained, Continuity 
whole length, and 5, a Smaot hueſs and Rough 
5 Thickneſs and I hinne ſi. ln . 
2. Place, under mluch is 8 Dif 


— 


mein as «ca. oa © a=. 


Likeneſs and Vnliteneſs. 2 
— — Aer which contained ile + vppoſre 1 ro reſt. ) ( 


er "mr 
Pray Oh of 3 Sight, Viz. 


„Tr, — wViſihi of oh Eyes, 


are Lucid things, not Colonrs, as are . 


ſuppoſed. For 
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For Colours are not rendred V iſihle but by Light 
and in the Light; Lucid or Shining things are ſeen of 
themſelves, alſo in Darkneſs, which is from the rea- 
ſon of the Object. 


2. Lucid things, are denominatedfrom Light, which 


i either Natural, or ariſes fromthe firft. 
3. Original Light, viz. Created by God the firſt 
Day of the World, tis not an Actident but a Subſtance. 
For 1. There was not any thing Created with it, 
but it was a Primary Creature; 2. The fountain 
and original of all Light in the World; 3. The 


| containiner of Quantity: To which God Attributes 


the Praiſe of Goodnels before other things. 
4. Nor yet is it a Subſtance of it ſelf made ef any 
Matter, but wit haut Matrer, or Immateriated. 
For Materiated, is that which is made from mat- 
ter, or drawn out from the Power of it, but Light 


is not Educed from matter, but is Introduced into 


it ; not exiſting as Partaking of it, but that it might 
render to it a Partnerſhip or Partaking: For Mat- 
ter in the beginning was drowned in Darkneſs, 
Geneſis the 1. Therefore Light could not be ſtretch- 
ed our of it ſelf : Indeed God commanded the Light 
to Shine out of Darkneſs as in the 2 of Corinthians 
and the 4, but this is declared concerning Place, 
not concerning, the matter of Light.; read alſo the 


q\ 2 of Cor. and the 6, where he faith, and what Cm 


mumi on bath Light with Darkneſs. 

Laſtly, every Materiated thing is compounded 
of many Parts, and divided into the ſame by real 
Seperation, and is ſubject to many other Mutations 
and Changes, which cannot be ſaid of Light. 

8. Light, i a Subſtance, endued with three eſſential Faculties, 20 
wit, with ibe Virtues of Enlightning, cf Heating, amd of — 2 

1. The Vertue of Exlightumg, is without doubt; that which dil- 
pels Darkneſs, detetts obicure things, renders or yields viſible 
Colours;Exhileratesand makes glad theCreaturos,and . 
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innumerable other things, which God diſpenſes to 
his Creatures by Light, as it were by a Channel. 
2. The Vertue of Heating, Experience alſo ſhews ; 
for Light hath always Heat conjoined as an unſepera- 
ble Companion; as we find this in many other things 
but chiefly in the Sun, which as it is the fountain 
and original of Light, ſo it is alſo of Heat: And 
as Cold follows after Darkneſs, ſo Heat follows after 
Light; Thus the Earth is moſt Dark and moſt Cold. 
3. Not leſs evident alſo is the Power of moving, in 
| Light, and is adjoined to it by Heat: And where Wl 
| Heat is, there alſo Motion fottows and Groß 
and cold things, as Water Frozen, the Earth, and 
Stones, want Motion of themſelves: But from Fire 
which looſes Vapors into Smoak, or being haſtned 
and incited in another manner by Heat, they aſſume , 
| Motion, and communicate Motion to things, in which Il | 
| they are incloſed between: That now ſhall I not ſay, \ 
that the Sun, in which Light and Heat are found in . 
the greateſt Degree, and moves by a moſt ſwift Mo- 1 
tion, is underſtood alſo to turn about other movables. 5 
.” Therefore Light is the original Subſtance, conſti- 
tuted by three Aline Faculties, yet making one Eſ- 
ſence, viz. furniſhed with the, Power of Illuminating, 
'of Heating, of Moving ;, from which all Light, Hear, 
and Motion which is in the World, after God, is pro- 
duced in the firſt place, and by it ſelf. 
And although according to the number of theſe 
three Faculties, it ought to be called by three Names, 
et commonly tis only called Light, from the facul- 
of Enli htaing, as the moſt potent, and more 
4 manifeſt; the conſideration of whicha- 


4 


ongs to this Science of Optics. 
6. The Natureof Light, of ir ſelf Spiritual and 
"conſiſting in a point, penetrating mo#t ſolid Bodies, i 


For 


they are Pellucid. 


Chap. III. Of OPTICS. 639 

For every Immateriated thing is Spiritual, and 
the leaſt or ſmalleſt Spark of Light which may be 
ſeen, makes glad by its Light, not leſs than a burn- 
ing Mountain or the moſt vaſt Body of the Sun: 
Since therefore it hath no determinate and definite 


Quantity, it muſt needs be, that the Eſſence. and 
Nature of it conſiſts in a point. 


7. The moit ſimple Light conſidered without all Mat- 


5 is Inviſible : But be, Immerſed with any matter, 
and 8 in it, ps F- not any more Light, ſim- 
ply exiſting, but is made a Lucid Body, and is feen by it 
ſelf, and Muſtrating or Enlightning other things, Cane er 
them alſo to be ſeen, 

Therefore here the ambiguity ofthe word Light is 
well to be noted: For tis taken either for ſimpleLaght, 
conſidered abſolutely in it ſelf, as when God ſaid let 
there be Light, Geneſis the 1. Or for Light exiſting in 
ſome certain matter ; in which manner it is not any 
longer {imple Light, but becomes a Lucid Body : Al- 
though therefore {imple Light without matter is no 
longer in the World, nor perchance alſo never hath 
deen; (for Moſes teſtified that not before, but after 
matter, and in matter Light is encloſed) but only 
abſtracted from Matter by Cogitation as other forms, 
though they continue always in Matter, yet hy the 
Mind they are wont to be abſtracted from! it; Net 
notwithſtanding by the common ſpeaking, they-are 
called alſo Light, all thoſe Lucid Bodies which dre 
endued plenti ly with Light, they have the Power 
of enlightning others: Such are the Sun, the'Stars, 
and all Fires under the Heavens: And in —— 
ication alſo we hereafter ſhall uſe the word Light: 
Which Light in matter, at length becomes Vibe, 
ſince in its ſimplicity it cannot be comprehended 
Eyes: For without matter, Light is a Point, 


— 
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indeed (unleſs as often as the extream of quantity 
is conſidered) 1s not only ſo: And becauſe tis not a 
material point of no force in it ſelf and dead; but 
being formal, is moſt efficacious and lively, diffu- 
ſive of it {c!t, capable of Quantity and Magnitude 
(even as we ſee the leaſt ſpark may be increaſed in- 
to ſo great a Magnitude that it will enlighten a 

e — therefore from this diffuſion of it ſelf 
— from the aſſuming of quantity, tis alſo ren- 
dered Viſible. Which cannot be, unleſs it can Com- 
municate it ſelf into fit Matter, in which to dilate 
it ſelf; leaſt that by dilating it ſelf into nothing, it 
fhould undertake a diſappointed worke, which is 
contrary to Nature. 

And thatquantity of Light is not Material, which 
is made by the increaſe of many Points, to a certain 
diſtance continued or joined together ; but Formal, 
being made by the diffuſion of it ſelf into Matter. 

8. The immerſed Matter of Light agrees to am point 
by Radiation, that is by the Efflux or Ejaculation of it in- 
2 a diſt ant Flac if _— + Kinky, it radiates Spbe- 

and orbiculariy; that is into tt Point to 
—＋ Right-line may 25 be dramn. * 

For the Office of 1 Light, is to communicate it ſelf 
to other things, and to Illuſtrate them, that they 
may be ſeen ; which ſince it cannot be done by the 
acceſſion of the fountain it ſelf to things : It remain- 
eth that it may be done by the local enterance and 
effiuxor flowing from its original Point: Which point 
is central, diffuling or ſpreading it ſelf into the orb, 
which that it may enlighten all round, as becauſe a 
1 every where alike, having no cauſe why it 
ci das anther, ti ncelary kewie ber this 

tis 
* ſhould agree: ir, 


9. And 
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; And ts this Efflux a middle ſpate is required, 
5 0 which the paſſage of Light is given to diſtam 
things. 2 | 

For this Efflux is of Local Motion, which ne- 
ceſſarily requires ſpace or place in which it ſhould 
be made : And ſince this ſpace cannot be emptineſs, 
which nature doth not adtnit, therefore it muſt 
needs be a Body, and not opacous or ſhadowy, but 
perſpicuous, or pellucid, and paſſable to Light. 

10. For Light only paſſeth manifeſtly through perſpicu- 
us or Pellucid Bodies; but through Opacous, either not 
a all, or inſenſibly, | | a 

pellucid from the reaſon of the Name, is that 
which ſome Light ſhines through, which alſo is cal- 
led Perſpicuous , as often as any thing is beheld 
through it : Thoſe Bodies are ſuch which are, 
1. Chiefly One, that is being made diſtinctly, and 
not uneven by any variety of Superficies; but con- 
ſtitnted by a moſt equal courſe of all the inner Parts, 
terminating mutually in themſelves: 2. Compoſed 
by no Thickneſs, or by an indifferent one. 3. More- 
over Tinged with none or a very little Colour : For, 
Colours do not altogether hinder Shineing through, 
but then only, when either by Reaſon of the groſs 
plenty of the Colours they exceed the mean; or by 
bme Impediment intervening, they introduce ob- 
curity : Eſpecially when they are very much Black 
ad very much White, they are not paſſable to 

ight, and therefore neither Pellucid : And Pel- 
hcads differ by degtees: The Sky holds the firſt 
Place among all, and clear Water the fecond ; 
Cryſtal ſucceeds theſe, next Glaſs, then Ice, Al- 
bm, Horn, and ſome Gems: Pellacid is oppolite to 
Opacoxs, which Light paſſes not through; and Op- 
cow is uneven by many Superficies,and obtains much 
of Thickneſs and of Colours : Although 
of themſelves no * are ſo Opacous, * 
| d 
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by reaſon of ſome thinneſs, permit not ſome paſſage 
to Light, which nevertheleſs by reaſon of the Weak- 
neſs of our Eyes is not perceived. 

11. Every Point of Light flows from many Lines. 

For the Spherical, from which this flowing of 
Light frames the enlightning all the Orb round a- 
bout, hath many Lines extending from its Center 
to the Superficies. 

And hence ariſes another Diſtinction which ſome 
make a diſpute, between _ as the Fountain, and 
Light as it were a ſtream ; they call that Light, 
which is in a Lucid Body, as in the Sun: but that a 
light Body, which is produced from Light and flows 
every where: Nevertheleſs this diſtinction is not 

petual, for very often theſe two Words are con- 
Pounded by ſome writers,and one uſed for the other, 


12. Light bein to proceed far fromit ſelf, 
15 4540 by the Toe erms he of deficient matter, or 
not convenient to receive the Light, 

For the nature of Light conliſts in a Point, from 
which flow innumerable others to the conſtituting 
the greatneſs ; which greatneſs as it conliſts ia a 
Point, fo alſo it ends in a Point: And ſince all 
Points are of the ſame Nature, therefore the 
Powers are the ſameof the Laſt as of the Firſt, nei- 
ther ever doth this flux ſtay, as long as receiving 
matter is at hand; without which, Light, as it act: 
not in vain, ſo never intermits its Operation be- 
tween thoſe things that are proper 

13. The motion of Light is not made in time, but in 


4 moment. 
proves this, for if ſome Light be hid 


— 
againſt, and the covering ſuddenly taken away, it 
doth not enter by little and little, but in a moment 
alſo it enlightens all the remote Places, to which 


the Power of it extends: For ſince Light of it ſel , 


wants matter, neither hath it any thing which 4 


— — — — — 
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ze Nl fiſts it; nor weight, by which the powers or force 
K an L 11 
14. Light in it Efflux procteds byright Lines, which 
are called Rays * | | 
f For it affects the Spherical Figure, whoſe gene- 
a- W ration conſiſts in equallity of Intervals, through 
er N which Point in the middle, tis divided in the Su- 
per ficies by right Lines. Woes | 
le 15. And it acquires by this, right Motion , or 
1d Wl ty the right-line Efflux, two Dintenſims, viz. Length 
t, and Breadth. 5 
2 For from all the Points of Light, flowing from 
right Line Motion, as well in Length as in Breadth, 
ot ¶ a Super ficie conſiſting of Length and Breadth muſt 
= cecs are from W 
T. 16: A Diminiſhing to Light in it's departing from the 
7, Center, happens in the Hreadib but not in the Length. 

For the Length of Light Ae on a continved 
caſting forth of Points of Light; of all which, ſince 
the Nature and Subſtance is the fame, and the Mo- 
mentany ſtrung Caſter forth the ſame ; the ſame 
mixture of all the Rays or Beams between them- 
ſclves, as well ia the beginning or Origine, as in 
the diſtance removed from the ſame, no-diminiſh- 
ing hath place; which is otherwiſe conſidered in 
Light, from the Ratio of Latitude, where the Rays 
are joyned at the Center, and they mixed by it 
wider between themſelves, by how much they are 
remoter from the Original. . Lon 

17: Light falling on the more Thick Ke of an 
Opacous Body, is reflected or beaten back, into the op- 
poſit part from whence it came. 

For the Motion of Light, is Action, conſiſting be- 
tween contrarics ; which contraries in this Place 
are Perſcuſſion or Smiting, becauſe Light carries the 
Super ficies towards one part, and Kepercuſſion or 
++. .ng back, into the other part. 2 
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But hence two kinds of Light ariſe, of which the 
chief is, the Efflux it ſelf of Light from it's Foun- 
tain; as if the Sun ſhould ſhine through the Window 
into the Chamber ;. but the other and ſecond Light, 
is the Repercuſſed or Reflcfted, which is procured by 
Reflection from that firſt or Chief; ſuch as is in 
the remains of darkned Angles of Houſes much 
differing in Degrees, becauſe one may procure the 
other, ſince Repercuſſion agrees to each. 

18. Light falling on the Superficie of a Thicker or 
Thinner mean, than that is which it enters firſt, is re- 
frafted or diminiſhed , ſo that one right-lined Ray 
departs into two Conti guous ones. : 

For becauſe Motion is proper to light, this pro- 
perty of Motion alſo happens to it, which is the 
Impediment from the thicker Superficie ; and this 
is the Third kind of Light which from the Optics 
is called Refracted. | 

19. Light either paſſing Coloured things or near to 
1 7 and recoiling again, is imbrued and incampaſſed by 
the ſame. | 

Hence Colours enlightned and repercuſſed, ſhine 
as Light it ſelf, and this is ſeen in Light paſſing 
through Windows, which conveys the Colours of 
the Window to the Objected Bodies: And paſſing 
by or over green Meadows,it ſeems green, from the 
Light being imbrued by the green. 


CHAP IV. 
Of Colours. 


I. lours are not reflected by the Power of Primary 
Objects, but of Secondary Objects of fight. 

For Light is ſeen by it ſelf, although in . 

which is from the Reaſon of the Gs 10 but 

urs 
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Colours are not ſeen in darkneſs, although they 
iſo exiſt in darkneſs, but are only enlightned by 
Light : Therefore although Colon; are allo viſible 
by themſelves, in reſpect of them which are ſeen 
by accident, or by another only ; yet they havenst 
te Reaſon of the Primary Object, but of the Se- 
condary only, as often as they are allied to Light: 
Theretore as of Light, ſo alſo of Colours, the Rea- 
ſon and Nature ought to be underſtood aforehand 
in ſome Meaſure. 5 

2. The Principles of Colours are Light and Darkneſs. 

For in theſe are the Radixes of all Colours, or if 
we may ſpeak Vulgarly, the chief Colours are 
Lightiſh and Darkiſh ; which notwithſtanding is not 
real Colour, but only the Privation of Light in 
matter; Whence thoſe things which are ſaid poſi- 
tively concerning Darkneſs, are to be underſtood 
of matter, not as it is matter, but as being deprived 
from Light. 0 5 ; 

And that from Darkneſs and Light Colours are 
begot, the Colours of the Rain- bow may be an ar- 
gument; Likewiſe of Clouds, of Cryſtais, of 
Windows which are enlightned by the Sun; which 
Colours are hegot, from the mixture of Light and 
Darkiſh matter: So alſo Ruddy or Red Colour is 
Compounded from Lightith and Black, as appcars 
in Prunes, in which from a mixtion from Fire and 
Black Coals redneis is begot; the flame of green 
Wood makes a Light Red or Yellowiſh; becauſe the 
brightneſs of the Fire is mixt with Black Snioak. 

Alſo ehe Sun, although being White and ſhining, 
deing beheld throꝰ Miſts or Smoak, it appears ot a 
Light Red or Yellowiſh Colour. 

Theretore fince all Colours are from the fame 
kind, why ſhould we not appoint the ſame Origine 
to be of all, to wit, from the Commixture of Light 
and Darkneſs, which may be inſinite, and by no Man 
fully to be eomprehended. Tt 3 3. There- 
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3. Therefore all Colours are nothing elſe than divers 
commixtures ari from e afted Light, and Matter 
of Darkneſs. * wid 5 FO 
The Cauſes and Eſſence of them are ſo controver- 
ted and obſcure, that Scaliger ſays, How is it mani- 
feſt that they are Colours ? which is true, if you 
underſtand it concerning the degrees of Mixture 
of every one ; the variety of which ſeems to be a- 
bove humane "underſtanding : ; as alſo from the de- 
grees of difference of all other Mixtures : but if we 
be ſtained by no preconceived falſe Opinion, but 
love the truth, we may eaſily arrive at, though not 
the perfect, yet ſome knowledge of Colours, ta 
wit, if we degin from the firſt Colours of Light and 
Darkneſs ( for theſe are not Coloured) and look in- 
to the Nature of them accurately ; From which it 
will eaſily appear that all the reſt are noother than 
divers mixtures of Light, and of Matter beloug- 
ing to Darkneſs, and ofa Degree lying between lu- 
finite extreams. 

4 Therefore the Extreams of all Colours are Light 
and Darkneſs. 

For theſe as they are beginnings „ ſo are they al- 
ſo extreamsʒ and as it were Limits or bounds, which 
no Colour may tranſcend. 

5. But of the Beginnings of theſe Colours, the Ex- 
trcams are Whiteneſs and Blackneſs ; of which , that 
cometh neareſt to Li gbr, this to Darkneſ 5, 

Therefore Whiteneſs i is a Colour, for the moſt 
part of Light, having little of Darkneſs; e con- 
trary, Blac bach vie much of Darkneſs; and little 
of Light: Light, is living Whitneſs; \Whizeneſs is as It 
were dead Light, which pours not forth i it ſelf imme- 
d:ately : White Colour receives all other Colours; 
and th erefore, i in like manner as light, by it's power 
is all Colours: But Black receives no othet: for tis on- 
ly a Privation of Colours, and whatſceyer.it bath of 

Poſitive, 
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Poſitive, it hath all that not of it ſelf but from 
Matter. | p ö 

6. The riſe of other middle Colours between Mhite- 
neſs and Blackneſs ;, thoſe have leaſt Light , which moſt 
depart from Whiteneſs ; thoſe have moſt of Darkneſs, 
which come nigheſt to Blackneſs. | 

The middle or mean between Whiteneſs and 
Blackneſs ſeems Red or Ruddy, mixt of equal Porti- 
ons of Light and of Darkneſs : From hence M you 
would aſcend to Whiteneſs, this ſeems to be the or- 
der; Red, Green, a Bright Tellow, White : If from 
the fame Red, you would deſcend to Blackreſ: ; 
this order may ſeem to be conſtituted ; Red, Blue, 
Brown, Black. 

And between every one alſo may be conſtituted 
innumerable differences, according to the degrees 
of mixture of them: Therefore that commixture of 
Colours from Light and Darkneſs is certain, al- 
though the way of mixture, and the degrees of e- 
very one, is paſt finding out by Human Weakneſs ; 
Which .alſo comes in uſe in other mixtures; For 
who ſhall tell me how many varieties of mixtures 
may be made from one Veſſel of Wine and of Wa- 
ter, if all the degrees ought to be obſerved? in 
_ things, ſome Image of unmeaſurableneſs lies 
hid. 

7. Laſih, tis ro be ngted, that ſome Colours are true, 
others apparent, 

. The true, are thoſe whichariſe from the proper 
and ingrafted Light, and remain always in it's 
Subject, even in Darkneſs : and Apparem, are thoſe 
which are hegot only from accidental Light, which 
departing again, they vaniſh : ſuch are the Colours 
which are beheld in Looking-Glaſſes, Windows 
enlighrned by the Light of the Sun, in the Rain- 
bow, in Clouds, Cc. which are not inſeparable 
accidents, as the Colours in Cloath ; If fo be they 

258 4 ap- 
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appear not all in the ſame Place: Whither alſo, by 
ſome are referred the Wings and Plumes of Feathers 
of Peacocks, of Doves, and of other Birds; But 
theſe ſeem more to be true and inherent Colours, 
and to have only this peculiar, that each Superficie 
is of Divers Colours: Whence it comes to paſs 
that they appear ſometimes of a Golden, ſometimes 
of a Green, ſometimes of a Blue Colour That 
which Art alſo imitates often in the Weaying of 
Silken Garments. 


CHAEF. Y. 
Concering Viſible things by accident. 


1. ID Erween many viſible things by accident, which 

J are beheld” _— = 6 deſe erves a peculiar 
Conſideration, Viz. of Pellucidity, or Shining, of Dark- 
neſs, of Shadow. 

For the others rehears'd before, which are known 
by the help of other Senſes, or by the Benefit of 
Reaſoning ; as N Place, Number, Figure, 
Motion, and thoſe things which are comprehended 
under theſe, are known, not only from Mathemati- 
cal and Phyfical Diſcipline, but alſo by daily uſe and 
experience to all. 


2. Pellucidity or . 15 the quality of Badies 
per 


which are conſpicuous eit om no Colour, or from ano- 
ther, more than from the proper Colour. 

Therefore all brightneſs is of the Sky , which 
indeed hach not the leaſt of Colour which can be 
perceived: The Argument of which thing is, that it 
tranſmits even to us, clearly and andefiled,the ſmal- 
leſt of the Stars, with the difference of Colours, which 
would be tinged from the Colour of the Sky if there 
were any: Therefope if it were lawful by Phyſics, the 
whole ſpace of the Sky may be accounted for Vacu- 
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um or Emptineſs : Next to this clearneſs of the 
Sky, is the clearneſs of the Air, which alſo of it 
ſelf hath no Colour, altho' being illuminated croſſ- 
wiſe by the Sun beams, and beheld a great way, It 
acquires a Blewiſh Colour, commonly call'd Sky Co- 
lour, and is thought to begin in Heaven: When ne- 
vertheleſs this Colour is inherent to the Air, which 
appears from this, becauſe very remote mountanous 
Places, by the moſt pure Air Shining through them, 
int themſelves upon Paper with a Blueiſh Colour, 
y ſo much the more ſad and obſcure as the Interval 
or Space is longer. 2 0 

To theſe ſucceeds the Pellucidity or clearneſs of 
fair Water, of Cryſtal, of Glaſs, of Ice, &c. which 
indeed have Colour, but little and thin, and they 
eaſily aſſume the Colours of neighbouring, things, 
by which theyare made conſpicuous. . 

3. A Shadow i the diminiſhing of Light, by an opa- 
cous Body interpoſed. 5 

For when light caſts it ſelf on fome Body which 
denies paſſage to the Lucid Rays, then a ſhadow is 
begat or geuerated, which is behiad the Opacous 
Body: Notwithſtanding a thick Pellucid alſo may 
caſt a Shadow in a thinner Mean: So a Watery 
Globe in the Air oppoſite to the Sun, caſts a Sha- 
dow although thin: Yea alſo the Air it ſelf makes 
a Shadow, but only perceivable in the Sky, where 
the Moon is depgived from its Light. 

4. Darkneſs is the total privation of all Light. 

Such only was in the Abyſs, before Light was 
Created, and perchance will be in the Infernal Dun- 
geon of the Damned, which therefore is alſo called 
utter Darkneſs: But at this day, after the riling of 

the Sun, properly fo Speaking,there is none : But in 
ra improperly or in compariſon, moſt thick 
adows are called Darkneſs; ſuch is ia moſt 


= 


deep Priſons, and Places inacceſſible to all Light: 
Likewiſe under Day, by Night, by a new Moon, 
and from the Heaven cover'd by Clouds : For elſe 
Night is no other thantheShadow of the Earth, which 
ifwe could elevate above the Sky, the opacous Body 
projected from the Earth would be diſcerned in the 
moſt clear Light of the Sun. | 
— — — — a - — r — Ä—v— 
Au r 
Concerning Radiation or Shining and Viſible 
Beams, and the Angles conſlitured by them. 
1. Lom the Radiation of Light, even as from @ pri- 
Nh mary Viſible, are had alſo other Viſibles, which 
Ladiate or Shine; that is, they pour out their Species 
through a pellucid Medium. | Sa 
. For as other Senſibles, Sounds and Smells, ſend 
forth their Species: So alſo Viſibles always ſpread 
abroad ſomewhat : For becauſe to Communicate 
themſelves afar of , that is, being look'd upon they 
ought to appear; therefore alſo by the Diffuſion of 
their Species, from the imitation of Light, this com- 
unication muſt needs be made. And this Diffuſion 
js.called in the Optics, Radiation or Shining, which 
notwithſtanding all other things beſides the Light, 
they have it not from themſelyes but from Light, 
which Communicates it ſelf not Intriaſick only, but 
alſo Extrinſick to all things to wiftch it may extend, 
of which alſo it puts on the Colour and Figure. 
Therefore although all things ſhould, have their Light with- 
ih Wehe, ie, they are Coloured and Figured ; yet 
vis Light is as it were bound in Matter, neither can it go 
S 
A en f ed Light, and by puttic 
A Ss -— ok u_ 9 ſ pool pee 
ommunicate yes, | Optics 
(Way Radiate or Shine, 
| 2. Therefore 
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2. Therefore Radiation or Shining, or being Radiated; 
i no other, than of Light, either Primary from its fountain, 
or Communicated by other things, and tinged by the Co- 
lour and Figure of them, by the Ejaculation proceeding 
from the Superficie of them, 


This communicated Light, although alſo reflected 
and reverberated by things, to which *tis Com- 
municated : There is nevertheleſs ſome difference 
between this Communicated, and that which the 
Optics at another time call Reflected or Reverbera- 
ted, of which hercafter : For light Reverberated is 
notwithſtanding the Light of that thing, from 
whence this flowing or falling upon is laid _ 
or apprars: But this communicated Light now be- 
comes after a ſort the Light of itsSuperficie, to which 
it was communicated, and which Illuſtrates it. 


3. And this Radiation alſo is made according to right 
Lines, which are called Radii or Beams. 


Therefore a Ray is no other than a right Line, 
whereby a viſible Species is ſpread abroad, to wit, 
th rteſt way; which Nature where it can be 
done, always inliſts on: This Rectitude may alſo 
be diſcerned by the Eyes, in the extreams of Sha- 
dows terminated by a lucid Ray, which are always 
right Lines by reaſon of the direct Rays: The Vul- 
gar, think Rays to be the diffuſed Light it ſelf, be- 
ing deceived, becauſe the Optics for the ſake of 
Teaching often times ſo ipeak, as if they were the 
Lucid Lines of Rays, and they repreſent the Ra- 
diation of Lucids by right Lines, but tis a miſtake, 
for they are only the motion of Light: As therefore 
other while, right Motion is a right Line, by which 
a moveable Body goes: Soalſo the motion of Light 
is a right Line. And as a right Line of Motion of 

ke any 
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any Body belongs not to the Body it ſelf, fo alſo the 
Ray or Line of Motion of Light, is nothing of the 
Light it ſelf. 

4. Andevery viſible Radiates or Shines; 1. From each 
of its Points; 2. Hy a diaphanous Medium, viz. that 
may be ſeen or ſhone thorow,, 3. In every oppoſite Point 
whereby a Finite right Line may be drawn; and that 4. 
moſt᷑ ſwiftly and continually, and 5. yet diſtinctly. 

1. Indeed neither one nor other Point only, but e- 
very viſible Radiates by its wholeSuperficie together: 
But for the ſake of Teaching, the Optics aſſume cer- 
tain Points, from which they draw Lines as 4t were 
Rays, that they may Demonſtrate all things more 
exquiſitely ina Mathematical manner : And that 
not from one only, but from all the viſtble Points of 
a thing, and therefore the whole Superficie of its 
Species being ſpread abroad, is made manifeſt. 

. In the Sun: From the extream Super ficie of which 
alſo the Rays deſcend, Illuminating the Earth, when the 
Centre of it, and more thanhalf of the Superficie is hid 
by the intervening of the Moon in Eclipſes. 

2. From Looking-glaſſes or - in which the 
whole 21ſible Image appears together. 

3. From hence, that agreat many Eyes r-ay ſeggthe 
whole v:ſible Object together. | 
4. Laſily, If from the Center only, or from any Point, 
ene Ray only flow ;, no Shadow is terminated, but all are 
included either by equidiſtant Rays, or by Rays always 
ai verging or parting. . 

2. And it is manifeſt from the aforeſaid, that a 
Diaphanous Medium is required to Radiation, for 
where a Medium is.not, there can neither be Local 
Motion, of which ſort is the Motion of Light: And 
Opacous, tranſmits not the Rays of Light, but 
bends them other ways. 1 


3. Becauſe 
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3. Becauſe in every oppoſite Point, by which a 
Finite right Line may be drawn, Radiation is made 
alſo from theace it is evident, that Light, the moſt 
excellent of Creatures, always affects a moſt excel- 
lent Figure ; this is Spherical, the Generation of 
which is underſtood from Lines going forth from 
the Center to the Superficies in all parts: If there- 
fore we thus place a Lucid Point in Perſpicuity, it 
will ſend round about into all parts, infinite Perſpi- 
cuous Rays: But if a Point beRadiating in an opa- 
cous Superficie, and cannot Radiate every wh 
yet it Radiates Hemiſpherically, unleſs hindred by 
another opacous Intervening: And if it be acute 
angled at the top, it Radiates more than Hemiſ- 
pherically. | 

But if any one ſhould Object, that in Looking-glaſſes 
or Speculums; of one Point, one Image only is beheld, and 
therefore not every viſible Radiates in every 0 it Paint 
of the Mirror or Looking-glaſs; he mut know, that 
indecd every point Radiates into infinite Points of the 
Mirror or Speculum; but from the Eye there cannot be 
diſcerned but one: Becavſe by the Laws of reflection the 
other Rays are refleted another may; but oxly that which 
is reſtected at equal Angles, occurrs to the Eye and may be 
ſeer, concerning which we ſhall ſay more hereafter. 

4. That Radiation is moſt ſwift, the fixed Stars 
are an Experiment, which being removed very far 
trom us, are ſeen at the ſame moment that the near- 
eſt Objects are: And the cauſe is, the Immateriality 
and Spirituality of viſible Species: For ſince as they 
want Matter, fo alſo they want Weight, nor do 
they require ſenſible Time to Motion, which 
ſhould be proportionate to themſelves, but they 
can transfer themſelves in a moment, what way is 
given. 5 : 5 
5. The continuity of Radiation may be proved 
from this, that the Efflux is fo joined or Knit to its 
| WT Fountain, 
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Fountain, that it can never and in no place be ſe- 
prone from it; even as is ſeen in Lucids, which 
ing taken away, Illumination is taken away; be- 
ing placed, Illumination is poſited, depending from 
that Efflux: Whence it is not neceſſary indeed that 
it ſhould ceaſe one moment, nor even as Light it 
ſelf, can ever be ſeparated from its Fountain. 

There are ſome Men who ſeek or ask, where that 
Light goes away, which is expelled by ſhutting the 
Doors or Window-ſhuts of ſome Chamber; or in 
_ candle being extinguiſhed, as we are woat to 

And ſome indeed appoint or conclude, that the 
Light of the Sun andof other Lucids, go forth fron 
its Fountain, not remaining the ſame, but always to 
periſh, and the former being aboliſhed, a new one 
ſucceeds thereupon : Even as a Shadow follows not 
the Opacous Body, but by the vaniſhing of the for- 
mer another new one is begat; or as Water belong- 
ing to a River 1s not always the ſame, other Water 
always occupying the place of the elapſed or flip- 
ped away, and ſucceeding it. » 

But we ſhall believe this afterwards, if any one 
will proveto us firmly, the Annihilation of Natural 
things, eſpecially of Subſtantial : For this Axiom 
ſeems to be unmoveable, As by Nature, from nothing, 
nothing can be made, ſo by the ſame alſo, ſomewhat 
cannot be made nothing; but as Creation, ſo alſo 
Annihilation is reſerved to God only. 

Of Shadows indeed tis no wonder that they go in- 
to nothing, ſince alſo, nothing, is but the Privation 
of Light: But real Light is a Subſtance, whence 
by Nature it cannot go away into nothing: Flow- 
ing or River-Water, we know which way it goes 
away : In like manner the place may be ſhewn, 
whither Light goes away, that is ſhut out of a Cham- 
ber, or in « Candle, whenit ſeen artind ? it can 
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not be ſaid otherwiſc, than that ſince by its Origine 
it remains always and inſeparably connected or 
joined together, and when it ſeems Extinguiſh'd to 
us, it retreats it ſelf in a moment and recurs t 
its Fountain: As alſo in a moment it diffuſes it ſe 
what way is given. | — 
6. Laſtly, that Rays and Species of Viſible things, 
penetrate through a Medium diſtinctly and unmixt, 
may be proved by ſame Examples: For the Light 
of Candles extinct or put out, they go through, 
by ſome one hole in which they are moſt cloſely 
United, being ſent by the intimate change into theth= 
ſelves, they appear diſtinctly on the objected Wall, 
and directly oppoſite to thoſe Candles: In the ſame 
manner it wholly happens to Colours alſo : For 
ing Vilible, every one by his Colours altho, divers, 
ſeems diſtinctiy: S alſo Solar Rays paſſing through 
a glaſs Window. of divers Colours, every one is be- 
5 diſtinctly by its Colours on the objected Super- 
cie. 
5. Moreover a Ray is either righe or oblique. 
liGeed every Ray or Radius conſidered abſo- 
tutely and ia it ſelf, is right, neither can any Viſible, 
radiate by crooked Lines; But in ſpeaking compa- 
ratively, in reſpect of Incidence, to wit, which 
way a Ray falls on an oppoſite Superficie, .that 
which is madecither right or dbligne. is called alſe 
a right or oblique Ray. hers dls ma 
6. And that 11 @ right Ray which is Perpendicular to 
the Eye, and paſſes he the, Center of it; An obe 
l,gue ay is the contrary. F 1 ey PETS 1 
And with this difference alſo, every Viſible is 
ſaid to fall either directly or obliquely to the Sight, 
according as its Rays conſtitute either right or db- 
lique Angles with the Sight. \ 
J. But alſo hence an Optic Angle. ſprings or atiſes 
which is the concourſe of Rays in u er 8550 


— 
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For as from Geometrical Lines, when they meet 
or concur, or diverge or part again from the point 
of concourſe, Angles are made: In the ſame man. 
ner alſo things being compared, it is with Rays of 
Light or of the Sight, which in their Superficie by 
ſoine concourſe and divarication they conſtitutc 
Optic Angles. 

8. And an Optic Angle is either Plain or Solid. 

Spherical, as in Geometry, here are none given, 
fince all the Rays are right Lines, neither do they 
make other than right-lined Angles. 

9. Tir a plain Angle which is begat from a plain Fi. 
gure, and a Solid from a Solid Figure. 

That conſiſts of two Lines, and is begat with 
only the length of a Line beheld: But this hath 
many Lines, and is made when a Body and ſome 
Figure is beheld. 


CHAP. VI. 


Of Optic Figares. 
I 9 arelrradiated according tothe 
Optic Figure, from the Baſe into an acute Point. 
For ſince Radiation is mace from any viſible poiat, 
into any objected Point, according to a right Line; 
and from many right Lines, from more than two con- 
curring, a Figure is conſtituted: Hence alſo from 


— 


ou Rays, Optic Figures muſt needs be made: 


which, by reaſon of the great variety of Viſible 

things, the variety alſo is very great, that ſcarcel 
it can otherwiſe be deſcribed, that they ariſe 
from any Baſe whatſoever into a Point. 

2. Aud an Optic Figure is either of Radiation or Illu- 
mNnation. of 3 FER whoſe Baſe 115 

3. A Figure of Radiation, is t e Baſe ex 
in a viſible Superficie, but the Vertex in the Eye, or ano- 
ther oppoſite Superficic 

; Therefore 
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Therefore this conſtitutes Figure, when any vi- 
ble whatſoever radiates from many Points into the 
Eye, or into my oppolit Point, * which all thoſe 
Rayes concur. 

4. Tis a Foure of Illumination which bath 4 1 erte 
in the point of Radiance ana dhe Baſe in the re wi of 
the thing Irra: ated or Illuminated. 

This begets Figures, when from one paiadaf Ra- 
diance many Rays go forth, and are underſtood to 
de carried to the Sight of the Eye, or: to any _ 
it Superficies- ;- © 10 1424) 

5. By this reaſon are madk eee Optic fre; 
between Radiating and Irradiating. \ 2090 27; 

For becauſe a Viſible. radiates from ey t 
into every Oppoſit, and therefore the Species of one 
part of the Viſhble is in what part: pu will of the 
other: And ſince in whatſoever great Figure given 
namerable leſſer may becvaceivU; tis certain tha al 
the ſame Figures alſo flow from bence thither: Which: 
will be made evident, if from two Parallel Linęs, on 
each ſide the middle Point of that to this, and ofthis 
to that, you deſcribe _ Ps oh interſectig 
one another mutualljy . % en 

6. Points Radiate Scand 7a 1 Lane 3 Lines 
WH «cor ding to Triangles ;, Superfibitis and Bons: according 
„ Pyramaas or Cones. if , 1 ð 4 f 2 
| For Lines are n by two points; frům 
| which, if two Rays concur or meet in one dppoſit 
5 Point, tis manifeſt, that this concourſe canſtitates 
Triangle, whoſe Baſe i is in the viſive Ling and the 
ueertex in the oppoſit Point: 557 hi z 

But when a Superficies radiates by all its extrtams into the : 

a oppolit Point, it conſtitutes in this magier, either an Optic Pyr: 

a amid, if the Superficies ſeen ba of Ang) 2 Cone, it it : 
de reund, although in common ſpeaking, th] che dle 24 the 


, nolt Part is negleted; And 9280 V5 tic = whether 
: ceeding from an augled Superficjes from a roun 


"nl alle en Op Hand 1s biin „ A off 10 
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7. In theſe Optic Figures the Axis alſo is conſider 
which is the 155 2 — Viſible to the Sight. thus 

And tis twofold, Optic and Common: That is 2 
Ray which paſſes from the viſible Point through the 
Centersof the ſeveral parts of the Eye, to the mid- 
dle of the Circle of the Optic Nerve, and there are 
two of thoſe to each Eye: But this, which is one and 
Immutable, is the Ray falling Perpendicularly, from 
the concourſe of the Optic Axes, into the viſible 


Point in the Diameter of the Eyes; or the right Line 
connecting the Centers of the Eyes, See Fig. 206. 


As if e be the viſible Point, 4f both the Eyes: 
the Optic Axes are the Rays ed and ef, but the 


common Axis is the Ray ec. 


| CH AP. VIIL 

Of Viſion it ſelf, and the Manner and Species of it, 
1. S all Sence, ſo alſo Vi ſion, is ſome Paſſion of the 
Eye, like as of the Inſtrument of Sight brought 
in from the Viſible. 
For we ſee not always by a ſecond AR, but alſo 
by Power; which Power is traduced into act, when 
the Eye is moved from the Viſible, which motion is 
ſome alteration and Paſſion; therefore tis evident, 
_—— Eye ſometimes is hurt by a more excelleit 

2. Therefore Viſion is not made without the contact of 
a viſible ting of the ſeeing Eye. 

For all n is by the conta of things 
acting in themſelves mutually : therefore fiace Vi- 
fian is alſo Paſſion, tis neceſſary that ſome Contact 
intercede between the Eye and the viſible Object. 

3. This contatt isef the Rays of Light in Specie, that 
3s, tinged by the Colour and Figure of thew:ſible thing, 
Tevibrated fromthe viſible Objett to the Eyes. 

For the Eyes and the viſible Object neither can 

| nor 


Chap. VIII. Of OPTICS. 649 


nor ought to touch one another mutually in the Ratio 
of Subſtance, becauſe it is neceſſary that a thing ſhould 
be ſeen afar off, and if the Subſtantial Contact ſhould 
be made of the Object and of the Eyes, the Eyes 
would be much hurt by many things: Therefore it 
behoves that ſome other thing ſhould come between 
theſe two, which either may go forth from the Eye 
to the Viſible, or may enter into the Eyes from the 
vilible Object, and be received by them. 

Heuce ariſes that noble Queſtion, debated between 
thoſe two chief Philoſophers Plato and Ariſtotle, of 
which he contends in his Timers. 

That Vifionis made by the Emiſſion of certain Rays from 
the Eye to the thing ſeen. And this ſame Viſion he would 
have made 'y the Immiſſion and Reception of viſible Spe- 
cies within the Sight of the Eye. 

| Betweca theſe, Galen being willing to become a 

Mediator, contends that Viſion is made partly by 

- Wcnitting or ſending forth, and partly by receiving: 
That is, from the Eye goe forth viſive Spirits, and 

eat they ſhould be weakned by too much elongati- 

| Wo", being abroad, they preſently Unite; that is, Co- 

Indiating with the viſible Species, ſticking in the 

, 

. 
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lluminated Air; but both being united, they run to- 
gether to the Eye, and there are received and judged. 
But what that Ray or Spirit of Sight ſeat, is; 
and how to be comprehended going forth from the 
Eyes to the Vilible things being oft times far diſtant, 
ſuck as are Stars in the higheſt Heavens, likewiſe 
what the Species of a viſible thing is, and how it 
foes out from the Viſible, and enters into the Eye, 
done of the ſaid Philoſophers could clearly explai 
8 is to be ſeen in Macrobius, Book 7 Saturn: 
rabella in his Book of Vilion : Therefore the Mo- A 
| 2. quark think with Mi. 3 0 
1. That Viſcon % eception of vi cies | 
2» And = ** that 72 — a ph ous of Liebe, tinged the 
dour and Figure of the outward object, and caſting themſe}ves to 
e Lees. una 2 For 


r 
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For ſince er be ſeen but that which is Lu- 
cid or Clear, or illuſtrated by Light: And Light is 
reverberated from every Point of the thing Illuſtra- 
ted, to every Point between which, right Lines may 
be drawn, and indeed Tinged and Embrewed by the 
Species, Colour, and Figure of the Viſible thing; 
what is more calie, than from this to gather, tha: 
Light it ſelf communicated to things, and tinged by 
the Colour and Figure of them, is a viſible Species, 

by which is made the contact of the viſible Ohjet 
and of the Eye, and therefore the Viſion it ſelf: And 
like as what's ſaid before concerning Rays, that al- 
though there be nothing of Light it ſelf, but only“ 
the way by which Light is ſcattered : yet the Optics IM '* 
very often ſpeak concerning them, as if they were ll © 
real Lucid Lines, becauſe they cannot otherwiſe de- 55 
ſcribe and repreſent the Motion of Light than by“ 
Lines: So alſo they ſpeak ſometimes concerning Vi- Wl '* 
ſion, as if it were made by the Emiſſion of Raus Ml /* 
from the Eyes, or in imitation of the Ancients,which IM /* 
truly believed the Emiſſion, either becauſe tis deſcri- 7 
bed with Viſion or fight, the reaſon is the ſame, r 
entering from the Viſible or thing ſeen to the Eye; Ml 

nevertheleſs intrue and accurate ſpeaking and percei- Ill * 
ving, always the reception of Rays into the Eye, an 
the Eſfluxion from the viſible thing, is underſtood to ¶ he 
he the ſame : But theſe things do not as yet ſuffice the ¶ dec 
declaring the way to Viſion, we muſt alſo ſpeak to e 
what is made by thoſe Species into the Eye, which L 
way or method is owing to the moſt Ingenious Ma- 


thematician John Kepler, according to whoſe Opinion. Th 
4. Viſion is male in the Eye it ſelf, and almod in the manner i c 

things exiſting in the-Light abroad, appexy und are deſcribed in use in 

Changber, by a ſmall bole, on an oppoſit white Wall. of 
For if in a cloſe or ſhut Chamber, the other Walls being © 57 


vered over by a black Veil, the Light being let in throug! 2 Ml © 

imall hole, it will repreſent that on the oppoſit white Wall, wa“. | 
ſoever it is that is abroad without the Chamber and overagain: by 
it in a dear Light, either of che Sun or of the Davy, or of 1 me 
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Linke lighted is alſo carried; to which truly the Pro- 
ſpect through the hole appears, only the Site is 
turned upſide down, ſo that the upper part is ex- 
changed to the lower part, and the right Hand to 
the left. 5 
5. Aud ſo alſo is Viſion made, when Light from all 
that part of the world which is before the Eyes, and in this 
alſoo, the thing mich we ber.old direttly, tinged by the 
Srecies and Image floming into the Eyes, by or through the 
rellreeid horny Tunicle adjoining the watery Hume”, 
and the Litle hole of the Sight inthe Chryftalline Humor, 
and from this into the olaſſy Humor, being refracted in 
theſe divers Aſcans or Mediums by the Optic Laws once 
or iwite, and at laſt into the hollow and the White; but 
the ſomewhat Redijh or ſomewhat Blew or Azure Sus 
pe irie of the netlike Tunicle, whereby the Optic Nerve 
recieves the ſame; to wit, all the Rays being diſperſed moſt 
ſtrongly, and as it were gathered into one Point, is de- 
ſcribed ;, yet ſo, that thoſe things that abroad are on the 
1557 Hand, are conveyed to the left fide of the nctlite 
un ile, thoſe on the left Hand to the right Side; thoſe 
avove to the lower part, and thoſe below to the upper part 
of the ſame. | oh 
Nevertheleſs this inverſion begets no Error: For as in a Mir- 
ror or Looking-glaſl.,, that which is on the right Hand is made 
the left to the Image or thing repreſented, nor yet is anyone 
deceived in Judgincat between the Right and Left; to neither 
here ned we fear that the inverted Vinton follows this inverſion, 


6. From the aforeſaid things, as it were the Luminous 
Victure of the Spirit of the Eye or Inſtrument of Sight, 
Thich reſides in the Optic Nerves, they are diſpoſed and 
changed, by which the Judgment Seat is retained within 
in the cavern of the Brain, to the Mind or to the facult 
of the. Inſtrument of Sight, where from Judgment made 
of the thing ſeen, at lait Viſion is finiſhed. TI 

For Viſion is not abſolute and perfect, only infer'd 
by Paſſion from the Object; but tis neceſſary that 
moreover action be added, in what manner the 

| Un 3 Judg- 
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Judgment js produced concerning the thing ſeen, in which 
Nature of the Object is — from other things diere. 
and what is good or ill in it is diſcerned: For if Viſion ſhould 
be determined alone hy Paſſion infer'd from the Obyct without 
Judgment, it would not be an operation of the Mind, but only 
an objected action External, and alſo Looking-glaſſes and other 
things would ſee, in which likewiſe the Viſible Species are Im- 
printed; And alſo that Judgment may be made, concerning the 
thing ſeen; the Point of the net-like Tunicle, which terminates 
the Image of the thing ſeen, even the very ſame is the Center 
and extream of the Optic Nerve; which in this place connett; 
the Netlike Tunicle, in which reſides the Optic Spirit; 
which may alſo ſuffer, and be changed by the Tmages and Co- 
lours is evident from this, that the Species of ſtrongeſt Colour: 
remain in the Sight after the looking ypon them is done, and 
they are ming led by the Colours imprefſed by a new looking on, 
that from both a confuſed Colour is made. . 

7. Therefore Viſion (as bitherto briefly bath been ſaid, we compre- 
bend) us the viſible Species received within the Eye, and painted on 


the inner part of the netlike Tunicle, and being conveied through the 


Optic Spirits refiding in the Optic Nerves, to ibe Senfiztye Soul 10 
e, See Fig. 207. 


This method of Viſion the Excellent iliam Schick. 
hard hath delineated in Fg. 207. In which the Viſi- 
ble is AB, the Eye CDEFLM,; the two extream 
Points of the Vilible or thing ſeen AB (that we may 
ſhun confuſion) they Radiate in the pellucid Protu- 
beranceor ſticking outof the Horny Tunicle CDEF 
which becauſe tis thicker than Air, and of equal 
thickneſs with the contiguous Watery Humor,there- 
fore the Rays got in, are refracted, and aſſemble, 
that they may enter by the ſmall Sight of the Eye 
GH into the Chryſtalline Humour IK: In which 
Superficies although it be thicker, they are not re- 
fracted, or ſurely but little, becauſe the ſame is al- 
moſt of the convexity with the Horny Tunicle and 
therefore falling in Perpendicularly, they indeed 

through unchanged; but they go out from the 
inder Hyperbolical Superſicie of it IK into the 
thin Medium, viz. into the glaſſy Humour, and are 
ee der again 4 And (hey mery ee 
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laſt in the wall of the netlike Tunicle LM, and are 
Painted there moſt ſtroggly (becauſe all the diſper- 
ſed Rays are gather'd into one Point) but in an In- 
verted manner; The right hand Point A is painted 
on the left ſide M; in the like manner, B in L: But 
becauſe the netlike Tunicle is full of viſive Spirit, 
. Wl therefore it Tranſmits the Image through the Orifice 
of the Optic nerve which is in the ſame place at the 
; W Brain, and the common Senſe or judge; not any 
more by right lines but by crooked windings of the 
Nerves: And this is briefly that wonderful and 
much ſpoken of Method of Viſion. | 
8. Moreover Viſion is ſometimes true, other times falſe, 
9. True Viſion is made, when we ſee a thing truly ſuch 
41 it is, ſited in its Place, endued with juſt Magnitude, 
Tinged by its native Colour, in very deed moving or reſt- 
ing : In brief, when between the Viſion and the verity of 
the thing ſeen there is no diverſity. | 
10. And this true Viſion is again twofold, Confuſed 
and diſtintt. 25 | 
11. Diſtinct Viſion ic, when the viſible Species is ap- 
prebended diſtinctly according to the whole and the parts, 


and rightly Judged concerning them. 

2 Cantoſch Viſion i hen we c bend the 
whole together Confuſedly without accurate diſcerning. 

13. Laſtly Falſe Viſion 5s, when we ſee a thing Sited, 
Coloured, or howſoever affefted, in another manner than 
indeed it is, | 

As when a Finger and a Mountain appear of the 
ſame Magnitude ; or when high Mountains ſeen, 
are thonght to be of a red Colour, whea ia truth 
they are Green z whea they appear great, and are 
ſmall, crooked when ſtreight, when things ſeem a- 
far off that are near at hand, or the contrary. 

Such deceivings, as about other things, ſo eſpeci- 
ally about the Seaſe of Viſion, innumerable Occur, 
by reaſon of many cauſes ; which, as much as ey 
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done, to detect and ſhew the Errors, and to Correct 
them, 10 the Office of the Ons © er 


1 c H A p. Tx. 
a ts neceſſa ary toalltrue and diſtinaViſi ifron- , 
f. I. Ou the iſible part. 
"Hat any thing be of it ſelf Viſible, either by Act or 


'' Power, tis neceſſary, that it be material or made 
of fi; aid endued with jan Quantity or Magnitude. 

1. For Immateriated things, ſuch as are points and 
ſpiritual Creatures, fall under no Sence of themſelves, 
or per ſe, and therefore neither do they fall under 
Sight : For whatſoever is ſeen, that is preſented to 
us by ſome kind of quantity ; yea our underſtanding 
ſcarcely perceives any Thing, but together alſo 
how much is it overſhadowed. 

2. But alſo a Viſible onght to be of jut Quantity. 

For things of the leaſt Quantity alſo” eſcape the 
Sight of the Eyes, as are Solar Atomes, the Thou- 
Tandth part of a Thoufand, the Members of a Mite 
in Cheeſe, and ſome other things; ; 'notwithſtanding 
the ſmalleſt of which may be gathered by ſome 
made Art, the Artificers of which muſt be ſharp 
Sighted, or otherwiſe to frame them than by the 
help of the Eyes, to wit, by the help of Optic Ar- 
tifice, which may be done, ſo that the leaſt thing 
ſhall appear great, and may be diſcerned _ 
Iy: And although every Viſible is needful to be 
Ozarntim or ſo great or ſo much, yet every Quantum 
is nut viſible; as the Skie and the Air next to us, which 
although they are moſt vaſt Bodies, yet they cannot 
be perceived by the Eyes: And therefore, 

3. Every Viſible eught to have ſome Thickneſs whereby 
the Sight may be terminated. 

For the Skie and the Air are therefore not ſeen, 
pecauſe by reaſon all the Rays are tranſmitted 
= through 
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through the thinneſs of the light; nor do they fix 


any where, that they may be reflected to the Eye; 
dec there is need of thickneſs whereby the 


Raies are ſtopt, that it ſuffers not a paſſage to them, 
or ſurely not to all, but being driven back again they 
are brought to the Eye. 1 

3. Tet of Bodies, we behold only the Superficies of 
things; hor all together, unleſs ſeldom, which things there- 
ſore tis neceſſary ſhould be laid before the Fyes. 

For if the Eyes be turned againſt, either to the 
point of ſharp bodies, or the ſharp ſides of them 
joined. together ; the Body is not rightly ſeen ; of 
which neither can we penetrate the Inner part by 
ſight, to which neither doth Light paſs (unleſs they 
are Pellucid, which are here excepted )that therefore 
Superficies only ought to be beheld, or rather the 
Species ofSuperficies: And we ſeldom diſcern all the 
Superficies of a whole Body together; nor but in 
Pyramids or. Cones, 'of which the Diameter of the 
Baſes being turned againſt the Eyes, is a leſſer 
diſtance than of the two Eyes from oneandther : For 
then on every ſide an entrance lies open to the viſive 
Rayes of ſight, that all the Superficies of it may be 
ſeen although but weakly, by Reaſon of too much 
obliquity. | 
4. The Superſicies of Viſible things ought tobe diſtain- 
ed by Colour, either proper, or Alien and accidental. 

or Prime Light itſelt that it may be ſecn, tis neceſſary that 
it aſſume not only quantity in matter, but alſo Colour, by a cer- 
tain coming cloſe togecker; Nor Second Light which flows from 
the Firſt, and ſlides by the Superficies unleſs ſtreightned, it ac- 
quires colour that it may be {cen ; But-only the colour of Su- 
perficies to the end that the tinged Light may revibrate into 
the Eyes; But the Sky , becauſe it hath indeed no colour, 
neither allo can any thing of it be ſeen ; as alſo the Air, unleſs 
ſo long as the Heaven is clear, being illuminated croſsways by 
the Sun Beams, and affumes a Sky colour. 

5. Nor yet is the Colour of Vifibles ſufjicient to Viſion 5, but if it 
te not Light it ſelf, or ſume what Iucid; it alſo beboves to be illuſtra- 
ted by external Light. For 
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For in Darkneſs nothing is beheld ; for the pro- 
Object being abſent, no. Senfe is made; there- 
ſince Light is the proper Object of Sight, if 
it be wanting,alſo no Viſion can be made manifeſt : 
Although Colours alſo are the Object of Sight, 
and in Darkneſs, inhere to things uot leſs, than in 
Light, yet they are not ſeen in Darkneſs, becauſe 
they are not the Principal Object; neither have 
they the diffuſive force of it per /e or of them- 
ſelves, and therefore neither can they caſt them- 
ſelves to the Eyes, neither have they any thing of 
themſelves whereby they can change the Spirit of 
Light unleſs they are received into another, which 
ſhall have the power of changing, and by that they 
c_— or alter : But ſuch a thing is Light alone, 
which Illuſtrates Colours, and tinges them, it agi- 
rates our Spirit reſiding in the Optic Nerves by Il - 
lumination, and changes it ; from which changing, 
is made alſo Viſion, and the Judgment concerning 
Viſibles. 
6. Laſtly to be Viſible alſo, is mot to be too much ſhin. 
ing or ; 
For as in another manner, the excelling the ſenfible de- 
ſtroys the ſenſitive Inftrument ; even as the ſharp ſound of 
great Guns dulls the Ears, and ſowre or bitter things weaken 
the Tafte, more t things the ſmelling : So alſo too 
much brightneſs hurts the Eyes, and hinders Viſion or ſeeing, 
if you look on it long : The Reaſon is, becauſe the Rayes from 
2 Splendid thing 


ing in abundance into the Eye, they 
enter at one Point, and there ſcorch the Optic 
Nerve, and Dry up its humours. 

So Democritus is ſaid to have put out his Eyes, by 
the reflexion 1 * a Brazen ſhield 
placed againſt it, that he might inquiremore nicely 
mto the E:: Nature IN we the 2 of 
Zenophon , from the too m ittering of Snow 
contracted great harms. | 


2, On 
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II. On the Part of the Beholder, or of the Eyes. 

1. The Sharpneſs of ſeeing is not the ſame of all Eyes, 
yea indeed not the ſame always of one Man. 

For ſome ſee the ſame thing more ſharp than o- 
thers ; others ſee remote things better than things 
nigh at hand, and the contrary ; others fee nothi 
diſtinctly, but all things confuſedly : alſo fome have 
a ſharp Eye in their Youth, and in old Age much 
weakned. | 

2. The Temperament of Eyes ought to be Wateriſh. 

Plato, would have them to be fiery, but expe- 
rience teſtiſies from the Eye being rubbed or ſcratch- 
ed that it flows with Water, which is a ſign of a 
Wateriſh Temperament ; the ſame being neceſlary, 


that the Eyes may receive the Images of things the 
better. 


3. Tis alſo neceſſary to the diſtinct making of Viſion, 
that the Eyes be ſound and whole. 

That is, not hurt nor diſtorted, nor any part im- 
peded ; alſo embrued by no Alien colours, or by vi- 
tiated coloured humors : For the Eye * — 
diſtorts, or in whatſoever manner impeded, fees no- 
thing, or but little, nor diſtinctly: So of whom 
the Eye is imbrued by an Alien colour, as it happens 
to thoſe which behold ſplendid things ſtrongly illu - 
minated ; or coloured things more earneſtly and a 
long time, or having the Eyes infe&ed by vitious 
coloured humors, they ſee not diſtintly : For as to 
a Tongue infected with Yellow Choller all things 
are bitter; ſo if the Eye be embrued or diſtained by 
Alien or ſtrange Colours, alſs the things which 
ought to be ſeen, are corrupted or diſcoloured with 
282 do they ſhew their genuine Species on 

$. 2 

That Viſion be made diſtinctly, ti that the eyes be moved 
4285 je go each —4 = e 2 thing, but of ibe 
pbole mundane Hemiſphere placed before them. | 
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For if it ſhould be without this Motion, diſtin& 
viſion would not be made, unleſs in the middle or 
medium; and thoſe things which caſt themſelves 
from the ſides, by reaſon of obliquity, would be ſeen 
confuſedly : Therefore it behoves that the Motion 
of the Eyes be indeed ſucceſſive but moſt ſwi't ; for 
which cauſe alſo the Eyes are made Spherical that 
they may move moſt ſwiftly upon their Center. 

5. By one Eye indeed we ſee not more acutely, but yet 
more directly than by both. 

There are ſome which think a thing may be ſeen 
by one Eye more acutely than by two; becauſe that 
the viſive vertue removes into that one, and there 
becomes more ſtrongly united than when diſperſed. 

But Experience thwarts this opinion ; the cauſe 
added, holds good only with thoſe to which one ot 
their Eyesare put out, but not to them who volun- 
tarily ſhut one:nevertheleſs tis true, that by one Eye, 
we ſee more directly than by both; for from both 
Eyes a nigh viſible is not ſeen in its place, but in 

divers, by reaſon of the diſtance of the Eyes, and 
the intervening Parallax ; concerning which many 
things ſhall be ſpoken to hereafter, in the Chapter 
concerning viſion of Place: Therefore to ſhun this Pa- 
rallax, if we would ſee any thing directly in its 
place, tis neceſſary to ſhut one Eye; Aſtronomers 
do fo, to conſtitute an Angle between two Stars, in 
which buſineſs there is need only of one Center of 
them, at which the Angle is eſtimated ;- wherefore 
they ſhut one Eye; imitating Artificers who in 
trying the rectitude or ſtraitneſs of a Ruler 
ſhut one Eye: They do it alſo who direct or 
ſhoot Arrows,and alſo Guns at a Mark, for all theſe 
indeed for divers cauſes, both Eyes being uſed, hin- 
ders; concerning which thing alſo Ariſtotle treats in 
his Problems at Sect. 31 Queſtions the 2 and 21. N 


III. On 


„ mne 
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III. On the Part of him that ſees and beholds. - 
1. That any thing may be ſeen diftinitly, it behoves 


him t hat looks, to be quiet. 


For if he be agitated much, and cannot how his 
Eyes fixt on the thing ſeen, and alſo diſturbs the Spi- 
rit z Thoſe things ſeem to move together, which 
notwithſtanding are at reſt. 

2. Morcover, unleſs he that ſees, be intent to ſee, and 
adds over and above aright Imagination and Ratiocinati- 
%% f ſion, the Viſion cannot be made di ſtincthy. 

For he that is full of Thoughts, and attent on o- 
ther things, otten times ſees not thoſe things which 
are obſerved by his Eyes: But if the Imagination al- 
ſo be corrupt, or the mind embrued with a precon- 
cepted falſe Opinion, a falſe Ratiocination or reaſon 


allo follows, and a falſe Judgment, which alſo ef- 
fects or makes a falſe Viſion. 


IV. On the part of the Rays and Angles of the things ſeer. 


1. hat ſoe wer is ſee, is ſeen under an Angle. 

For ſince Viſion is efeRed by the Radiation of Vi- 
ſibles into the Eyes, and thoſe are belonging to An- 
gles, going together from the Baſe to one Point of the 


Eye: tis evident all things are ſeen under an Angle. 


Under a right Angle, or greater than a right, the 
bye being unmo ved, nothing is ſeen : ſince the greateſt 


Argle of a thing ſeen is ſomewhat leſs t than a right Angle, 


and 7 there fore the greate3t of all acute An les. 


The cauſe is, becauſe the Diameter of dhe Sig 5 


of the Eye is ſo ſmall, that the Lines educed from 
Center of the Chryſtalline Humor, cannot con 


a right Angle, although by is Wheat | that ain 


meter 15 enlarged. 

So by day we cannot conſtitute 
of a great Celeſtial Circle, 1 0 
or of the Horizon, to 
in as much, as how rug 15 the 8 
the Sight alſo of them is flrain 
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670 Of OPTICS. Part I. 

3. Under an Angle ſo much acute, that it eſcapes the 
Sight, nothing is ſeen. 

Therefore although Mathematicians divide An- 
gles infinitely, yet becauſe the Subje& of Optics is 
not „ i br the — yn wa Senſe. 

ri ay 1s always ſtronger than an Ob- 
liens, and as oblique angled Ray, n that is 
more 17 

Of it ſelf, and by its Nature, no Ray is more ex- 
cellent than another; becauſe a Viſible, equally ra- 
diates in an Orb to all the differences of Poſition, 
but by accident one Ray may excel another, while 
the caſe of them being right Angled or Oblique, 
ſtrengthen or weaken them in the objected Body : 
So the Rays of the Sun, although they always convey 
their heat with them, yet they warm more, by how 
much they fall mere rightly on the Subjected Earth, 
and the leſs, by falling oblique : Hence they warm 
more with us in Summer than in Winter, not ſo much 
by reaſon of the greater nearneſs of the Sun, as that 
they are caſt more rightly on the Earth ia the Sum- 
mer, and more oblique in the Wiater. 

And the Reaſon which is of Heat, is likewiſe the 
ſame of Illumination, as well in Lucids as ia other 
viſible Rays. 

[4 na otions being right, are ſtrong- 
er than oblique, as if the back of any one be ſmit- 
ten or ſtruck by a club or ſtick 
feels that blow more forceably, than if it had been 
ſtruck ing to the length of the back ; there- 
fore what is done in other Motions, muſt be ima- 
gined alſo to be done in the Illumination of Rays - 
Eſpecially, 2, becauſe alſo right Rays are ſhorter, 
and ſtrike nearer at hand, of which alſo the Force 
of Angles by Equality in both, are united and ga- 


thered united. 
ncred together, more united. 4. Viſto 


icularly, he 
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3. Vifen is maſt certainly made by the Axis. 
For this, ſince tis always right and Perpendicular 


to the Eye, it offers the thing effeQually to the Sight; 
by the other Rays, Viſion is made more certain, 
how much they are nearer to the Axis; and it is 
certain,by how much the more they are remote from 
the Axis, and Obliquer : Hence, when there is only 
one Axis which conveies the thing moſt effectually 
to the Sight, tis neceſſary that the Eyes turn about 
ſo long, until all the Parts of the Viſible Obje& be 
Perpendicular to them, and ſo tis known more ſure- 
ly and diĩſtinctly. 


V. On the Part of the Medium or Middle. 


1. That any thing be ſeen, not only the thing ſeen is to 
be placed before mes, Eyes, but yr Sender Eye and 
the thing ſeen, tis neceſſary that a middle * intervene. 

For ſince tis light which conveys the Species of 
things to the Eyes by right Lines; therefore neither 
thoſe things which are on the back or behind, can be 
ſeen, (for although Light likewiſe falls on them, and 
ſtarts back, yet it offers not to the Eye, and there 
fore excites no Viſion) neither can thoſe things be 
8 are placed _— the — without 
a Medium coming een, ſince nei Light 
falls in on them, nor can be reflected from them into 
the Eye : Nevertheleſs ſome things alſo are beheld 
withoutan outward Medium, as are Sparkles of the 
* inhering Species in Spirits after the removal 

the Viſible thing, the Impurity of the Humors 
of the Eyes after Pains of the Head, &c. therefore 
it will be a Rule to be accepted with ſome exception. 

2. That this Medium is a Solid Body, nothing binders; 
T 


8 This 
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This is the diviſion of Opinions between Demo- 
critus and Ariſtotle Democritus thought if it were 
an empty Space, an Ant might be diſcovered creep- 
in the Sky, from whoſe Opinion Jom Kepler ſeems 
not to diiagree, who opined, if there were intire- 
ly no Medium of Bodies, Viſion would be accom- 
pliſhed better; becauſe by how much thicker that is, 
it the more hinders and exchanges the tranſient Rays, 
whence conſequently it ſeems, by how much thin- 
ner, even to nothing, to wit, by it the Rays would 
paſs more expeditely : But Ariſtotle contends, that 
through Vacuum or Emprineſs, if that ſhould be, no- 
thing could be ſeen plainly ; whoſe Opinion ſeems 
the truer; for Light conveyed through Vacuum is not 
ſeen, whoſe Office is to Illuſtrate : And if it ſhould 
illuſtrate Vacuum, it would Illuſtrate nothing, which 
is contrary to Nature; yet in this place we mult 
not be Ignorant, that there is an Inſtrument inven- 
ted by Modern Philoſophers, in which Space is 
ſnewn; concerning which tis certain, that not only 
ſome thick Body, but neither Water, nor Air, nor 
Sky is contained there: Either then that Space is 
Vacuum, or if Nature admits not this, without ano- 
ther Body intervening, Light by it ſelf can fill Space, 
the Nature of which is, ſo long to diffuſe or pour 
out it ſelf, until it be repelled from the objected 
opacous Body. 1 1 5 
For tis neceſſary otherwile that there ſhould be a 
perſpicuous Medium, that the conveyed Light may 
receive the viſible Species, and may return it to the 
oppoſit Eyes, for the Superficies of opacous Bodies 
it not only the paſſing of Light to the Eye, 
t they turn it from the Eyes, and revibrate or 
ſtrike it back into the oppoſit. A 


If this Medium be Pellucid; it hinders not, al- 


though it be Solid and alſo hardned for as Kepler 
teaches, Light, although alſo it ſhould have quanti- 
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ty, it would not be hindred by the Solidity df Bodies: 
to the end that it might leſs paſs through them: For 
whatſoever is hindre1, *tis hindred or expelled by 
that which is of the ſame kind, as a Body by a Bo- 
dy: A Solid then hath three Dimenſions as tis a So- 
lid, but Light only contains two Dimenſions, viz. 
Length and Breadth, therefore Light, and the Rays 
of it, ſuffer nothing from Solids, for as much as they 
are Solids, neither do they affect one another mu- 


tually as to Solidity. 

3. Tis not neceſſary to Seeing, that the Medium Space between 
the Eye and the thing ſeen, ſbeuld always be Iluſlr are ; and when 
u i neceſſary, that it be not too much Illuſtrated. 


Io the Seeing of Lucids *tis not neceſſary : Since 
we ſee in dark Mediums, not only burning 
Forms, but alſo rotten Wood, and the ſhining 
Scales of "Fiſhes; alſo *tis certain that Stars may 
be ſeen in the day time from deep Wells, from 
Caves, and from Deas inacceſſible to Light: And 
thoſe things which are not Lucid of themſelves, 
want indeed the preſence and Illuſtration of External 
Light, but that Illuſtration muſt not be too much; 
for if either the mean, or the thing ſeen, be too much 
Nluſtrated; the Viſion or Seeing is rather hindred 
than helpt : Hence, to the inſpecting of any thing 
1 lift up the Hand to the Eye, or we be- 
bold through a ſmall hole, that too much plenty of 
Light may be hindered, and the weakning of the 
Eyes taken away : Hence alſo, they ſee better, whoſe 
Eyes are deep in ; and for. this reaſon Nature hath gi- 
ven the Eye-brows themſelves, that from the Hairs, 
the Light may be ſomewhat refracted. 

4. The Medium Illuſtrated, is beſprinkled of foreign Colour. 
For Light paſſing by or through coloured Things, is affected 
by the Colours of them, from which alſo the vinble Species ia 
_y neither of them being conveied without mixture to 

©, 

vi. From the Reaſon of Circumſtances of Place and of Time. 

i. The Sight apprebends nothing diftin:tiy, unleſs preſentad by 
Iroportional diftance, Xx Fer 
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For Viſion, ſince it requires a Medium, requires 
alſo diſtance, which is neceſſary to be [diffrent 
and proportionate with the thing to be ſeen, neither 
too much remote, nor yet too near: For Viſibles a 
lyed near to the Sight, appear confuſed, and of a 

| Blackiſh Colour, and almoſt intirely without Figure: ſb 
Even as therefore from * Radiation, the 8 5 
cies of Viſible Points are diſperſed, and mingled di. 
with the middle or Medium Shadows ;ſo ſhorter Ra- ſu 
diation conveies the viſible Species, thick, muddy, Il * 
and ſomething confuſed, which being diffuſed in the Ii di 
Air a little farther, they are made thin, they are bu 
cleanſed, and brought back in order; not otherwiſe, WI 
than the Vapours of Flowers and odoriferous Things, of 
from a ſhorter Interval, convey much Groſſneſs and I ur 
Feculency with them to the Noſe, which render the 
Vapoursof the ſame unpleaſant; but by flying from 
a farther Space, they are made more pure, by cat- if 4 
ting off the Feculentand thick Parts, and are brought ¶ r 
Sweet to the Noſe : Tho? ſome ſee acutely things a- 
far. off, others nigh at Hand; yet that is not to be aſcri- 
bed to the Radiation of the viſible Species, but to 
the different quickneſs of the Optic faculty, and to 
the diſpoſition of the Eyes. 

2. Nevertheleſs the Term or bound of Viſion cannot certainly be 

ST chiefly, which Limit our Sight, that 

9 , 

it be not carried — 85 

1. The rifing of the Earth, by reaſon of which, the Sight ſcarcely 
extends more than five German Miles on plaia Ground,or on the 
Sea, unleſs one be placed in an higher place, as on an Hill, or oa MW | 
the Maſt of a Ship: For if there be given an Hill of one Mile N cel 
high, on it, the Sight may extend it ſelf more than 40 Miles? Wing 
This cauſe is all alike with reſpe to all Men. 

2. The weakneſs of the Sight, which in ſome is greater, in o- 
thers leſs : Hence ſome ſee things far diftant, others ſee but 
little thoſe things which are nigh, ſo that certain Rules cannot 


be conſtituted. 1 — * 
3. Iet we know Generals far ooner gbat we een before. 
So ſomething being ſeen afar off, I underſtand it at firſt to be 


aliving 
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aliving Creature, becauſe it moves and goes forward: Aſter- 
wards, that tis a Man, becauſe he Walks upright, by and by, a 
Male by his apparel, at laft being near at hand I know him to 
be Fobn or Peter. | 
4. True Viſion and Diftinft is not made, but in ſen- 
le time. 
p For if any one turns theEyesin a momen, the ſeesnot 
diſtinctly but deceives the Sight; even as in the moſt 
ſwift turning about of any Point,thePoint ſeems to be 
a Circle; for the Eyes ought to be carried to all the 
viſible Parts;which Motion is not made in a Moment, 
but ſucceſſively in time proportionated to Motion; 
which nevertheleſs becauſe of the ſwift Sharpneſs 
of the Sight, which is as it were momentany, it diſ- 
tinguiſhes accurately, unleis between like Species. 
Theſe things commonly are the Requiſites neceſſary to 
true, certain, and diſtinit Viſion, one of which or more, 
if they are either wanting, or depart from indifferency ; 
forthwith will be made either none, or falſe, or uncertain 
and confuſed Viſion. | | . 
And ſo far concerning Viſion in general; concerni 
the Affections and Accidents of Viſion, and of each vi- 
fle, it follows in Particular: 


„ IT 
Of the Viſion of Light. 


Mie fight in ſeizing of ftronger Light, i grie- 
ved and hurt. i 

1. That ha pens by looking on the Sun, and by re- 
ceiving the fplendor of reflected Light in a Look- 
ng-glaſs : But the cauſe is, becauſe-as all Senſe, ſo 
alſo theviſive Paſſion is ſame Inſtrument of Seeing, 
brought in from the Object, which when tis im- 
moderate offends the Senſe. 

2. Alſo it may come to paſs, that Light, the Mother of all 
heat, by Imprinting the Colour on the Sight, Changes the 
Temper of it, and emitts-vital Spirits, the Minifters of Vi- 
hon, ſo that a making Blind may eabily follow. $47 
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676 Of OPTICS. - Path 
2. The intenſe Images of Light remain in the Eye, 
although after the beholding of 75 er Lights. 

Hence it comes to paſs, that alfo by the Eyes being 
ſnut, the Image of Light is perceived from the prece- 
dent Aſpect: And alſo ſuch placè leſsllluminated, ſeems 
obſcure and Darkſom, until that Image vaniſh away. 

3. Stronger Light, bears down or oppreſſes the Weaker, 
and hides it and weakens it. 

So by the Light of the Sun or of the Day, ſome- 
what alſo of the Light of the Moon, of Stars, and 
of Candles, are not indeed extinguiſhed, but weak- 
ned and hid. | 

4+ Light is more evident in Darkneſs. 

For contrary oppolits between themſelves, ſhine 
more clear: Moreover Light it ſelf dilates larger 
and freer in Darkneſs it ſelf, becauſe of its proper l 
Gift, which is to Illuſtrate obſcure things, rejoycingll © 
to perform its Office: And hence Aſtronomers ga- tt 
ther, as is ſaid before, that the Moon wholly wants 8 
proper Light, otherwiſe it would be impoſſible, that ® 
in Total Eclipſes, the whole ſhould be parted with © 
from the _ 1 2 = 
Fiery Light, ſhining or radiating in flaming Ma- 
1 e, r er from 470 off, than when near — hand. 

For the Sight being remote, diſtinguiſhes not between the ſe 
Light effuſed from a Flame, and the near Illuminated Air, no 
which is thought equally to Shine, by being beheld afar off: But di 
in a place near at hand the Sight diſtinguiſhes better between Re 
theſe two: Bat yet we muſt underſtand here, the juſt and pro- *** 

portionate Diſtance; fox a Candle alſo appears leis from a & 
greater Diſtance, than from a juſt Diftance. ' * 
6. Lighted Candles being ſeen by Night, wirbithe Eye-þrows « lit 
zle depreſſed, ſeem to caſt certain Lucid Rays like Pyramids. 
I be cauſe of this is not tlie Light, which (in like Circun 
ſtances) Radiates uniformly every way, but in the Site of the 
- Eye-brows, the hairs of which, may in the manner of Looking: 
glaſſes, cauſe that reverberated Glittering, ſo that at the Motion 


.of them, alſo thoſe Pyramid Rayes move and are inclined; are 
raiſed up and depreſſed. 


7. Vehement or fierce Light ſhews many * 
| 
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which the Weak hides : Onthe contrary, weak Light al. 


ſo ſhews ſome things, which fierce or vehe ment Hides. 


So weak Light Hides ſmall Writings and Scnlp- 


tures, ſtronger Light Illuſtrates and ſhews them : 
On the contrary, the vehement Light of the Sun in 
the day time hides the Stars : The ſame being dulled 


in Eclipſes, ſometimes ſhews the ſame Stars, that 


in the day time they may be beheld about Noon. 
8. Light gathered together is ſtrorger than diſperſed, 
Hence it comes to paſs, that a burning Candle en- 
lightens a ſmall bed Chamber ſtronger and more 
ſenſibly than a large Room. 


9. A Luminous Body illuminates an opacous Ba:ly, ſo 


much the ſtronger as it is nearer. 

For as other things acting, they Act ſo muchthe 
ſtronger by how much they are nearer to the pati- 
ent, ſo the ſame alſo happens iu Illumination: For 
the Rays as they are nigher, are more preſs'd to- 
gether, and therefore ſtronger : When remote, they 
are more dilated or ſpread, and therefore they go 
forth fewer and more remiſs. 

10. The Rays of Light, eſpecially of the Sum, being 
continued afar off, appear Parallels. | 

For although they go forth from one Point, and 
ſeparate always more and more, yet where there is 
none, or but very little proportion, between the 
diſtance of the Lucid, and the Plane on which the 
Rays fall, the difference of inclination is not per- 
ceived, and ſo are eſteemed Parallells. | 

It. Liebt, the further it falls through a ſmall holt an 
an objected wall, it becomes the Larger. 

For the Rays come together ia a Point of the hole, 
and interſect each other, and again Immediately are 
ſpread wide from one another, and the further they 
are ſtretched forth, the more they depart from one 
another, and they ſcatter the Light, wider on the op- 
poſit Wall. 
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12. Light having entered through am hole into an O- 
pacous place, repreſents it ſelf 2 Opacous Object, 
and the further, it is the broader, yet by an inverſed Site: 
And is indeed made perfectly round if it flow in Perpen- 
dicularly through a round hole, and tis more Imperfect, 
the obliquer it is: The ſame comes to paſs in all Viſibles 
illuſtrated from Light without. 

The cauſe of the Site being inverted, is the inter. 
ſection of the Rays in the hole; which makes, that 
thoſe things which are Inferior abroad or without, 
become Superior within on the opacous Body, and 
the contrary : In the ſame manner alſo other Viſibles 
coloured, being emitted in the day time into an o- 
pacous or ſhady Room through an hole (eſpecially 
Conical, viz. narrow within, and open a little wi- 
der abroad) yet they are diſcerned everted or turn d 
upſide down,if they are Illuminated by the Sun from 
abroad, and received into the Chamber on white 
Paper, and well illuminated; fo that Birds flying 
and Men, are turned up-fide down, and are beheld 
as it were Antipodes Walking to and fro on the ob- 

ed Table; and the more clear and evident, 
if a Chryſtalline Convex optic Glaſs be put to the 
hole, if it can be had: To which, if another op- 
tic Glaſs of the ſame Convexity be adhibited, a lit- 
tle more diſtant from the former, than the Semidi- 
ameter of its Canvexity z for then theſe Images will 
be everted again, that they will be beheld, not ever- 
ted or rarned up-ide 2 but rightly. 
13. v enter , 
and 2 tl as l Dy Ow” ee "ay 
is Theorem wants Limitation; For 1, if as well the ſhin- 
ing 1 the Jon — 92 which it * 
ve circular Fi falling erpendicularl 
deſcribe a Cirleonthe Wall | * 
have divers 


2. If the Window, aud the Superſicies of Light 

Figures, and each one diſtant from the Wall by a like Number 
their Diameters, it makes a confuſion of Figures, and the 

Figure of the Rays will participate equally of both, as well of 

the Figure of the ſhining, as of the Window. 3+ But 
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3. But if the Window be diſtant from the Wall 
by fewer of its Diameters, than the ſhining Super- 
ficies is diſtant from the ſame by its Diameters, then 
the Figure of the — and the Site of it, comes 
nearer to the Figure of the Window. 

4. Laſtly, if the Window be diſtant from the 
Wall, by more of its Diameters, but the ſhining 
Superficies by fewer of its Diameters, the Figure 
of the Rays will more imitate the Figure ot the 
ſhining Superficies in an everted Site; and by how 
much the more that is, by ſo much the more al ſo 
will this be : And hence it is, that the Rays of the 
Sun being ſent in through whatſoever ſmall chink or 
cleft, falls on the objected Plane in the form of a 
Circle, iff which the Eclipſes of the Sun may be be- 
held fairly by unhurt Eyes : Concerning which you 
may ſee more in Kepler” Optics Prop. 37. andthe following, 


CHAP. XI. 
Of the Viſion of Colours. 


Lſo Colours ftrongly Illuminated, leave their 


0 

Image in the Eye. 
For if any one behold earneſtly, Colour ſtrongly 
IMuminated, he being turned to a Colour weakly 
Illuminated, will animadvert or think the former 
to be mixed with this. f 
2. Light, acts ftrongly on Whiteneſs, and Illuminates 

it more than Blackneſs. 

Like as if Red Drops fall into Water, that is Humor into 
2 it ſpreads it ſelf in it, but falling on its Heterogene, 
, Tis gathered into a little Globe: So Light acts ftronger 
on Whiteneſs being akin to it, and more Homogene; than on 
Blackneſs which hath little or no affinity with Light: And hence 
. alfoitcomes to paſs, that Light, for Example, falling on White 
Paper, Illuminates it further, than if it fall on any thing that is 
Black ; to wit, becauſe that Light allo being caſt about by White, 
by reaſon of likeneſs, therefore it makes it grow conſiderably, 
that the parts choſe into the Number are moſt ſtrongly * 
Xx 4 ; 
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: And from this is begat an Opinion that I#hiteneſs ſeparates 
* s aſſembles ps es togetber the viſrue Rays; — here 
the Action of Whiteneſs and Blackneſs is none, but tis a Paſſion, 
neither can any Superficies be effected by its Colour, that the 
Ray ſhould fall in, in another manner than the optic Laws them - 

ſelves compel to fall in, or light upon. 


3. Fair or bright Colour, darkens or ſhades the more 
obſcure Colour next to it; and in like manner, dark Cu- 
lour Illuſtrates the light Colour next to it. 

This, Painters obſerve, and by the apt placing 
of Colours only, they know how to repreſent deep 
holes, on high, depreſſed, wide : Hence alfo if in 
an obſcure place in the Heaven and wanting Light, 
a lucid or white Border encompaſs it round about, 
it ſeems a deep hole in the fuiddle, which they call 
a Gulf. | * 

4. In darkneſs no Colour is ſeen. 

Not that Night deprives a thing of its Colour, 
or by Light being abſent, none of it is in it ; but 
becauſe by the abſence of Light the radiation of Co- 
lours is prohibited. * 

5. Colour placed in Light, the nearer it comes to 
Whiteneſs, the clearer it ſeems, ſuppoſing all other Cir- 
cumſtances are the ſame. | 

For Colour is light in Power, or Light buried in 
Matter, and there, asit were bound, and therefore 
the chicf agreement or relation of Colour and of 
Light is, that they act mutually in one another, and 
the ſtronger Light arriving on the out- ſide, the 
weaker brightneſs lying hid within, fetches out 
with its force, as if it were a Spark out of a Flint; 
or even as the heat in Ginger is not found by AR, 
but if it come unto a caſual Humor, then at length 
it pricks, and begius to Communicate it ſelf ; ſo ac- 
cidental Light approaching oa the out-ſide, pricks 
the potential Light of Colours, that it pours forth 
its Species through the mean or middle. ths 

6. One and the ſame Colour in the Eyes, may be varied 
in divers manners as to appearance, © 1. By 
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1. Zy reaſon of Ligit; for weak Light ſhews not 
Colour perfectly; fo in the time of the Eclipſe of the 
Sun, all things appear Yellowiſh ; in the Evening, 
Plowed Lands ſeem Reddiſh or Purple Coloured, 
by the Sun Beams being ſtruck lightly on them ; ma- 
ny things having one appearance or face in the Light 
of the Sun, another in the Light of a Candle, &c. 

2. By the reaſon of Shadow; for a Shadow falling 
on clear Colours, Darkens the ſame : Briefly, from 
the various Mixture of Light and of Colour, ariſe 
all the differences of Colours; as we ſee in Clouds. 
3. By the Reaſon of Site or Situation; for from be- 
holding divers Sites, alſo divers Colours are exhi- 
bited ; ſo the necks of Swans and of Peacocks, ac- 
cording as they are beheld in divers manners, they 
bring divers Colours to the Eyes. = 

4- By reaſon: of the Medium; for looking through 
coloured Glaſs, the Viſible is thought to be tinged 
with the ſame Colour; in Walking ia green Meadows, 
the Vilible appears Green, viz, from the Green Spe- 
cles continually flowing from Herbs and Graſs. 

5. Byreaſon of the Interval; hence, White, ſeen 
afar off, is thought Blackiſh, or ſomewhat Black; re- 
mote Mountains, of Azure Colour; although this 


Deception alfo may be from the Colour of the Air. 
6. By reaſon of the Hes; for the Rays of thele are often de- 
filed by vicious Humors, as when all things ſeem Yellow to 
thoſe that have the Yellow Jaundiſe : if a thick and groſs Hu- 
mor poſſeſs the middle of the Sight of the Eye, all things ap- 
hey or pierced thorow, if this Humor be diſperſed and 

ck, all things ſeems full ot Flies: If the Chryſtalline Humor 
be impure, all things are thought to be ſeen through a Cloud, 
or if it be divided, all things appear divided. 


N 
Of the Viſion of Shadows and of Darkneſs. © 
1. Arkneſs cannot be ſeen. WIN. 5 


1 For it is wholly the privation or abſence of 
TA Light 2 
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Light: Which abſence either of Light, or of any 
thing, cannot be perceived of Sight nor any other 
Senſe ; but oaly by privation, (that is, by the 
removing, or by the denying of it to the thing 


of which it is the Privation) or abſence : As there- 


fore Silence is not otherwiſe known, than by the 
removing of Sound; and in general, not a Being, 
otherwiſe not known but by the negation of a Being; 
ſo Darkneſs cannot be apprehended otherwiſe than 
by the negation or removal of Light. 

2. A Shadow alſo may be ſeen from another, to wit, 
from the ſir t Light being abſent, but the Second preſent. 
For a Shadow is not the Privation of total Light, 
but only the leſſening the ſame, by the Interjected o- 
pacous or ſhady Body; by which, the firſt, flow- 
ing from the Lucid Body is turned away, but the 
ſecond left; or being reflected from other Bodies, 
which is weaker than the firſt Light, yet the pre- 
AR N we — = 

3. Light weakens and bides Li 0 4 greater 
Shadow ——_— and hides a leſs. „ 

Therefore in the night the Moon being preſent, 
the Shadows of h or 2 are ſcarcely or not ſeen, which 
notwitkſtanding may be ſeen the Moon being abſent. 

4. A Shadow being added to a Shadow encreaſes it, 
and it becomes Darker. | 
For as Lightis, ſo is alſo a Shadow, either Prime 
er Firft;, which is begat by the Privation of the firſt 
Light; or Second, that which is alſo procured of 
more, and alſo by the abſence of the ſecond Light; 
whence that participates of more Light, this of leſs. 
5. Night, is a Shadow and Darkneſs. 

For God himſelf called the Night Darkgeſs, Ge- 
eſis 1. But Aſfronomers call this the Shadow of 
the Earth; and both rightly : For if from Light 
which Lightens the whole World, we can behold 
the whole Earth, a part of it being turned an = 

| Sun 
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Sun and wrapt up by the Night, the Shadow would 
be percervable by Sight: But becauſe ſuch aſpeR is 
denied to us, and we are wrapt up by the Shadow 
of the whole Earth, neither alſo can we diſcern 
Light at the Sides, even as other wile is done from 
Shadows: Therefore Night, eſpecially with uu: he 
Moon ; and the ſtarry Heaven being cover'd by 
Clouds, is accounted meer Darkneſs. 
6. AShadow moves not,although it ſeems to move;gt being 
either fromthe Motion of the Light, or of the opacous Body. 
For tis only the Privation of the firſt Light, in 
which, Motion happens not: And from a Body * 
moved, either cous or Lucid, always one an 
another Shadow is produced, from the former va- 
niſhing; which the Eye, by reaſon of equality, thinks 
to be the ſame with the former: When therefore a 
Shadow is ſaid to depart or proceed, tis to be un- 
derſtood according to common ſpeaking, and not 
to the very truth of things: The thing is otherwiſe 
with Light, which moves together by the fountain 


being moved, and Coheres 5 to its Fountain. 

7. AShadow Imitates the Figure of the opacous Body, as far as it can. 

The more direct an opacous Wall and a Candle 
are ſited to each other, the truer the Shadow Imi- 
tates the Figure of the opacous Body : On the con- 
trary, the more Oblique, the moreit deceives; ſo 
if the Shadow of a right lined Figure, fall on a 
Sphere, it will ſeem crooked. 

8. A Shadow caſt on a part oppoſit to Light, is ter- 
minated by the Lucid Rays. 

So the Sun in the Eaſt its Shadow into the Weſt : And 
the Sun being in the South cafts its Shadow into the North ; 
The earth exifting in the middle of the Zodiac, cafts a Shadow 
into the glace of the Zodiac, by the Sun being directly and dia- 

metrically oppoſit, as is {een in Eclipſes of the Moon, 
9. The Extream of a Shadow cannot be ſcen exactly. Y 
+» Which happens for two cauſes; For 1, contiguous Light 
which is apt to communicate and diffuſe, inſinuates it ſelf to the 
neighbouring Shadow, and is mingled a little with it: 2, The 
7 2 terminating 
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terminating Shadow of the Lucid Rays are many, flowing as 
one, from every Point of the Lucid Body, one of which lifts 
up or takes away another. 

10. We diſcern ſome things being placed in Darkneſs ; 
not Interchargeably. 

For means, or Mediums, are not neceſſary to Viſion, 
but only the Illuſtration of Viſibles is required, 
wherefore by Night, we behold the Stars from 
Darkneſs;and in the day time, from moſt deep Wells 
or Pits, we diſcern the inacceſſible Stars by the di- 
urnal Light: So in Egypt, the Egyprians could ſee from 
the moſt thick Darkneſs, the Land of Geſen being Il- 
luſtrated, but the Iſraelites not back again what was 
ated among thoſe. | 2 

11. Alſo Fellucidt may may caſt ſome Shadow, hut in 
a thinner Medium, than the Pellucids themſelves are. 

So a watery or chryſtalline Globe, 1a the Air op- 
poſit to the Sun, caſts a Shadow, although thin; ſo 
the Air it ſelf alſo makesa Shadow, but only per- 
cievable inthe Sky; which way the Moon being de- 
prived of its Light, is the Shadow of the Air, not 
of the Earth, Kepler Teaches and Demonſtrates. 

12. There are 4s many Shadows as Luminous Bodies, 
in reſpeft of Opacous, in an indirect Site ar Situation. 

So if you place only one opacous Body in a Tranſverſe Site to 
three Candles, we ſhall ſee a three-fold Shadow of it: So in the 
night,theHeavenbeing ſerene, one opacousBody caſts ſo many lit- 
tle Shadows,as there are lucid StarsShining in the ſpacious ambit 


of Heaven: But theſe either are not viſible to any gp * 
view; becauſe that the blacker Shadows of the Moon and of 2 
ſurpaſs them; even as in like manner, the ſplendor of them ex- 
ceeds the ſplendor of the other Stars and obſcures them: But 
if luminous Bod ies are ſited directly, and the Opacous be put 
in the ſame right Line: They beget only one Shadow, becaufe 
thoſe many Luminous, are as it were ane. oo © | 

13. The length of 4 Shalom varies, 'atording to the diperſe alti- 
tude of the Luminous Body. e 


Itas longer by how much the Light is lower; withireſpect to 


the vertical Circle; ſhorter, by how much higher z none at all, 


when tis Vertical. 
So with us, the Noon Shadow is the fhorteſt z ng | 


i , 
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ning and the Evening the longeſt; becauſe the Sun there is 
higher, here lower: Nor it Matters not whether in reſpect of 
iftance, it be nigher the Earth, or remoter from it: But in 
ö the Torrid Zone, to which the Sun becomes Vertical, thoſe 
caſt no Shadow from themſelves. 
14. The Shadow of an opacous Spharical Body, being greater than 
of a Lucid Body, is a Chalathoeidgs,See Fig. 208. #1 1 
So called from Calat hi, or an inverted Pyramid, or 
the Figure of a right lined Top, and the lower 
Part of it, is about the opacous Body very narrow z 
ut by how much *tis ſtretched out further, tis 
rendred larger and thicker : For the Rays of Light, 
touching the extreams of the Diameters of the o- 
pacous and luminous Bodies, the longer or further 
they are produced beyond the opacous Body, the 
more they depart from one another, and are further 
diſtant; whence the Shadow exiſting very little at 
the opacous Body, is ſpread out by little and little, 
even infinitely. 


- 


15. The Shadow of an opacoxs ſpherical Body, being 
equal to the Luminous, is a Chyl:narociat. 
For it hath the formof a Cylinder, or of a round 
Column, and tis caſt of equal thickneſs 2d inſini- 
tum; for ſince the Diameter of the opacous Bod 
is, equal to the Diameter of the luminous Body, an 
therefore the Rays join the extreams of them, the 
become Parallels ,, and being infinitely produc 
will never meet, but always be diſtaut by equal Spa- 
ces between themſelves. * 
16. The Shadow. of an opacors ſpherical Body, being 
leſs than the Luminous, is a Conoicis. N 
That is, it hath the Figure of a right Cone or of 
a Pyramid, and is thickeſt next the opacous Bady, 
but the further it goes forth, the more it leſſens, un- 
til at laſt it ends in a Point: For the extream Rays 
of the Lucid Body falliug on the opacous Body, II- 
luminate more than half of it, and being produced 
beyond the opacous Body, they meet, and at laſt are 
mar pned to a Point. 17. Shadews 
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17. Shadows of unequal and parallel opacous Bodies, 
being terminated by the ſame Ray, or by divers of equal 


| height, are proportionals to their altitudes, Fig. 209. 


For let the two opacous Parallels be de and bc 


a terminated by the ſame Ray b4a, I ſay that as the 


ſhorter ae, is to the length of its Body de: So 
alſo is the longer Shadow ac to the Altitude of its 
Body bc: Whence from the Altitude of Shadows 
of Bodies, may be gathered what we have ſaid before 
in Geometry at pag. 216. and the following. 


CHAP. XIII. 
Of the Viſion of Pellucidity or Shining through. 
I. Pellucid is not ſeen, but percieved by the pri- 


vation of Colour. 

So we ſee not Air in Air, Water in Water, Glaſs 
in Glaſs, and every Pellucid in an equal Pellucid ; 
and becauſe we know they are not coloured, we 
count them to be- diaphanous, viz. that may be 
ſeen, or ſhone thorough. 

2. Yet by condenſation or thickning in a thinner Medium, 
or by rarefaction in a thicker, they may ſometimes be ſeen. 

In the former Caſe, *tis as it were Opacous, by 
reaſon of thickneſs and condenſation ; and as often 
after that as no other ſolid Occurs, ſo often it may 
be diſcerned, although weakly : In this manner we 


diſcern Chryſtal or Glaſs in the Air: So alſo that 
Air which is compaſſed about by the Lunar Body like 


to our Air, we may ſee, becauſe it is in a thinner 
Medium, to wit, conſtituted in the Sky : The which 
the fixed Stars when they are nigh to the Moon teſ- 
tie, which being a little entered may yet be ſeen : 
So laſtly we obtain by Sight, the remoteſt Air from 
a Serene Heaven by condenſation, in the ſame manner 


as a Cloud beheld afar off, we behold with our Eye 


to be near, when nevertheleſs while we walk in it, 
we very hardly or not at all diſcern it. We 


«© 
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We have an example of the latter caſe,” when the 
Lucid Rays of the Sun are beheld entering through 
a2 Window, which although by reaſon of the con- 
gened heat, they rarefie the Air, yer becauſe they 
draw plenty of Light with them, they alſo termi- 
nate the fight. 

3. In Pellucids, not only the Superficies, as in others; 
but the whole Solidity is ſeen. 

For in theſe, the Rays ſubſiſt not in the Superfi- 


netrate the inner Parts, and ſhew them to the Eye. 


CH AP. XIV. 


Of the Viſion of Magnitude, 
1. LIon much the Angles are to the Beholder, ſo much 


1 the thing appears, eſpecially if the diſtance be 
unknown. * 


For Viſion is made by Angles ; therefore if the Angle of vi- 


ſmall: And if two things are (cen under an equal Angle of vi- 
fron, they may be thought equal, although indeed they are o- 
therwiſe in themſelves: So the Hand or the Finger, if we move 
them nigh to the Eye, may ſeem greater than a Mountain or 
a whole City, becauſe the Angles are ſuch ; So the two Lumi- 


naries being ſeen almoſt under the ſame Angle, 
— Bear equal, becauſe the Si poor =. 


| t knows not the unequal 
diftance of them: So laftly 2 the 


N Star ſeem to the 
uns kilſul to be of the ſame ity, for the ſame cauſe, becauſe 


know not the unequal Diftance; and all the Stars may be 
DIES be fixros the ſhane Ord. : 


2. Of E ings, that which i neareff 5 eatc, 
they A 3 the Eyes lire. . 4 
The reaſon is, becauſe the Angles of things near 
at hand are the greater: So to a Traveller, a remote 
City ſeems little, but coming nearer to the ſame it 
ſeems greater, becauſe the Angle of Viſion is increa- 
ſd; rhe City remaining alike in it ſelf. 

3. Ter the difference of Diſtances is greater, than of 
the Magnirudes of Angles. 


Hence 
/ 


cie as in other opacous Bodies, but alſo they pe- | 


fion is great, the thing alſo appears great; if ſmall, it appears ' 
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Hence it comes to paſs, that equal Objects une- 
qually remote, are ſeen, not under the ſame propor- 
tion of Angles of which the Diſtances themſeſves are, 
nor, for Example, being moved doubly nearer, do they 
therefore alſo appear doubly greater; ſo although the 
Moon in Apogzon ſhould be doubly further from the 
Earth than in Perigæon, yet ſhe is not therefore doubly 
greater inPerigzon in her apparent Diameter: Never- 
theleſs the Star of Mars, becauſe of the great variety of 
its Diſtance, alſo its Magnitude indeed not really, but 
to our Sight varies notably: For ſometimes when 
tis at the higheſt *ris ſcarce comparable with Stars 
of the ſecond Magnitude: But fometimes when it 
comes nigh to the Earth, it encreaſes ſo much that 
tis equal to Jupiter, nor can it be diſcerned from it, 
unleſs by its Place in the Zodiack, and by its golden 
Colour: And by the Ignorant, is accounted for an 
extraordinary and prodigious Star. 8 
So it came to paſs in the Year of our Lord 1529 in 
which Solyman the Emperor of the Turks ſitting down 
againſt Vienna, that being atteſted by Philip Melan- 
cthon, in Book i of Phyſics in which he wrote of Mart. 


It was alſo retrograde and of an unuſual Magni- 


tude, and its Body was beheld of an horrible red 
Ovlour, by reaſon of its nearneſs to the Earth, fo 
that many being Ignorant of the Cauſes, thought it 
to be a new and prodigious Star in the ' Heaven, 
alſo ſome believed it to be a Comet, which alſo came 


to paſs concerning it in the Tear 1653. 
5. Thc Eyes ſees leſs of, a nearer Magnitude than of a Remoter. - 
The reaſon is becauſe the capacity of the. vive 
Angle hath a fure bound, nor doth it ariſe to a right 

Angle, much leſs to an Obtuſe, Fig. 210, 
Therefore although the Eye coming to a Viſi- 
ble, thinks to ſee it more; becauſe nearer things 
are beheld under a greater Angle of Viſion; yet in 
truth it ſees leſs, becauſe the Angle of Views * 
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though greateſt of all, can no more include the 
whole viſible, ſince tis become obtuſe, under which 
nothing can be ſeen. | 

The reaſon is the ſame of Spherical Bodies, con- 
cerning which, the Eye being remote, ſees more; 
but being nearer, ſces leſs, as is ſeen in Fig. 210, in 
which the viſive Raies of the Eye being remote, apa 
proach nearer to the Diameter of the Globe, than 
if the Rayes 1 the Eye * been nearer. 5 

6. Mapmitnde is variedby obliguity, by the N. | 
Light, by Twilighes, by 1 ” 1 bee, Fe 

1. For the more oblique che aſpect of a thing is, 
the leſs the Magnitude of it appears, and by it all 
things are more curtailed and made ſhorter. 

2. That Lucid things in Darkneſs ſeem greater, 
is ſaid before: But on the contrary, becauſe Light 
ſpreads and enlarges it ſelf every where, it Comes 
to paſs, that contiguous Opaques are ſomewhat cut 
off and taken away: for it you appoint a Staff nigh 
at hand to be laid over againſt a candle, but you 
look on it afar off, it will appear, where the ſplendor 
paſſes, ſnagged on both ſides, and as it were made 


hallow by notches and gaps. 


3. Alſo according to the various Diſpoſition of 
the Eyes, the ſame thing may be ſeen one while 
greater, another while leſs. 

4. A Medium alſo that is thick, increaſes Magni- 
tudes : and one that is thin, diminiſhes thetn, as ſhall 
be ſhewn hereafter. 


—— — 


CH AF. AV. 
Concernirg the Viſion of lace. | 
1. LIN. Spherical, the loweſt place is the Center 3 the 
upper moſt, is whatever departs from the Centre to- 

wards the Superficies. Tn mY | 
For ſince the higheſt and loweſt are diſtin, and 
there is no reaſon, if we would ſeek theſe 1a a Su- 


perficie on every ſide alike to it ſelf, why we ſnould 
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call one point the higheſt, another the loweſt ; tis ne- 
ceſſary that of theſe, vix. ofthe higheſt and loweſt, we 
ſhould aſſume one in the Center, the other in the Su- 
perficie:BecauſethereforctheSnperficies of the whole 
Spherical World is accounted by all for the upper 
part, it follows, that the Center of the World, and 
therefore alſo of other Sphericals is the loweſt place. 

2. The Eye, in reſpet# of the World, whereſoever 
placed, is always in the lower place, and they are Su. 
perior to it, whatſoever _ from the Eye. 

. For every Eye whereſoever placed, by the imagj- 
nation Frames a Sphere about it ſelf, placing it ſelf 
in the Centre: which if therefore the Center is the 
loweſt place of the Sphere, the Eye always will be 
in the loweſt place, all the reſt are in the upper 
places: fo if we Men are converſant in the Cen- 
ter of the World, all other places of the World will 
be above us, of which no one doubts : And if any 
one ſhould conclude, becauſe we account all things 
above us, we therefore are converſant in the Cen- 
ter of the World, he would argue amiſs : for if be- 
yond the Center of the World we ſhould be ele- 
vated to Jupiter or Saturn, there alſo we may con- 
celve a Sphere about us, and we ſhould deſcribe it by 
the Eye, and therefore we ſhould be notwithſtand- 
ing in the loweſt place. 

But becauſe thoſe thiags which are beneath our 
Feet, we call below; that is true in reſpe& of the 
Center of the Earth, of our abode, ſome part of 
which we are; but elevated above the Center ot 
the Earth: Therefore we truly ſay, all things even 
to the Center are beneath us, in which Center it 
we ſhould be, thoſe things would not be above, 
which now we ſay to be beneath us Or if we 
ſhould remove the whole Earth by Imagination, then 
we ſhould be in the lower place, having ſtill nothing 
bencath us: That alſo ought to be known mm the 
| cuſtom 
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... W cuſtom of common ſpeaking : for commonly thoſe 
e thingsare called rightly, Superior or above, to the 
ſeeing of which we lift up our Eyes, and thoſè inferior 
e or beneath, in the beholding of which we have need to 
rdepreſs or caſt them down: and hence it follows, if we 
d hould inhabit in the lower Hemiſphere of the lobe 
of Saturn, and we would behold our earth, it would 
be tous by lifting up the Eyes, and therefore the earth 
. W would ſeem to us to be ſited in the Superior place. 
3. Such as is the Site of the Rayes, ſuch the place ſeems. 
3 For thoſe things which are beheld byRays to the right hand,to 
the left hand, to the Superiour ; are ſeen on the right, on the left 
lf hand,orSuperior,or Inferior, altho' in truth they have equal Site. 
c Of two things placed before us in the ſame right 
e Wl Line Parallel to the Horizon, that which is further 
ſeems higher, the nearer, ſeems the lower; becauſe 
that 1s diſcerned by a Superior Ray,and this by an in- 
ferior one: In the ſame manner, of two things placed 
in the ſame right Line Parallel to the Horizon on our 
right ſide ; that which is the furtheſt ſeems on the left 
ide, and that which is neareſt on the right; becauſe 
that is beheld by a Ray to the left ſide, but this by 
a Ray to the right fide: From this deception of 
light, an erroneous opinion is begat, whereby the 
waters are thought higher than the Shores or Banks, 
when in truth they are lower : For if ſtanding on 
the Shore, you Meaſure by an Inſtrument the Level 
of the Waves, all which alſo the extream ſight ob- 
tains, you will in no wiſe find the elevation in them, 
but. always ſome ſmall declivity or leaning down- 
wards ; and it will appear, that the Waves are not 
above the Earth or Shores, but ſubſide or remain 
beneath the ſame : Therefore the Senſitive eſtima- 
tion is deceived ia this, that the extream parts of 
the Waves are beheld by the Eyes more elevated 
than the nearer parts; whence alſo they think them 
to be higher than the nearer : yet nothing hinders, 
c i that is ſaid, leſs concerning theſe things, than con- 
vi crraing others, not as they are indeed, but even as 
"PF 3 they 
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left, and the contrary : alſo things above, the further they are 


they appear to our ſight; the which not only hap- 
s in common ſpeaking, but alſo oftentimes in 
oly Scripture | ſelf ; as when Chriſt commanded 
Peter the Fiſher to Lanch into the Deep and to looſe 


his Net to Catch, Luke 5. alſo hence it follows that 
4. Things afar off are more like to comraries ; that is, 
Being — continued on the right hand, they ſeem on the 


from fight, they are thought lower by it, and interchangeably : 
So to one ſtanding on the Bank of a River, it may come to 
paſs, that the River may ſeem to run not downwards but up- 
wards, becauſe the fite of the Rays is in ſuch manner. 

5. When the Image of a thing ſeen, i in the Eye, yet the ſight 
judges divers ways concerning the diſtance of the thing it ſelf. 

| 1. From the Light being ſtronger or weaker. 

Light from afar, comes Languid and weak, but 
from near at hand it comes ſtrong; which gives the 
diſcovery of diſtance. 

2. From things put between the Eye and the thing ſeen 

For not only ſome thing is ſeen from afar, hut al 
ſo thoſe things which are placed between that and 


the Eye, whence the Ratio or Reaſon of diſtance is 


gathered. 
3. From the Air being between. 
For this alſo is Repreſented tothe Eye: for ſince 
it is tranſpicuous; from every point of it, the Rays 
of Light recoil or are beaten back to the Eye 
Therefore the parts of the Air next to the Eye, ap 
pear near, thoſe that are diſtant, appear ſo ; laſt) 
the Mediums are Repreſented in the middle « 
mean: Even as alſo in a Looking-Glaſs, not on] 
our countenance, but alſo the ſpace placed between 
us and the Glaſs, is received into it, which is made 
leſs or larger, according as we approach to the 
Glaſs or depart from it. 
: 4. From the diſtance of both the Eyes. a 
For two Eyes are given to living Creatures, not in 
compenſation of one being loſt, as is common) 
ſuppoſed, ſince Nature deſigns nothing to be loſt c 
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P-W damaged : but for the knowing the diſtances of 
ous chings, by the Geometrical Dimenſion of a Triangle. 
For as in Geometry, from two Angles of a Trian- 
gle given, with the inter jected fide, the other ſides 
are given: So by light, a Triangle is conſtituted, 
the two longer ſides of which, are the Rays from 
the point ſeen, conveyed to both the Eyes, 
and the third leſſer ſide, is the diſtance of the 
Eyes, which with the two longer ſides, form two 
Angles in the Eyes themſelves : Therefore in this 
Triangle, the leſſer ſide, to wit, the diſtance of both 
Eyes, Is known by the accuſtomed common ſenſe : 
But the Angles at that diſtance become known, from 
the ſenſe of wreſting about of the Eyes ; for the 
more they are wreſted about, the Angles are made 
the leſs, and they argue the thing to be the nearer ; 
And the leſs that the Eyes are wreſted about, the 
Angles are made the greater, by the diſcovery of 
agreater diſtance, yet of having ſenſible proportion 
to the diſtance of the Eyes: For if the exceſs be ve- 
ry great, the Axes of the Eyes are in a manner di- 
rected Parallelly, neither do they comprehend that 
diſtance otherwiſe,than any other greater by infinite 
parts. | 

Nevertheleſs this faculty of knowing diſtances, 
aroſe at firſt from this Society between the two Eyes, 
alſo afterwards it was derived into each eye; ſince 
dy the other affe&ions of the Eye, as alſo by the 
motion of the head ; by which Motion, one Eye be- 
ing moved, may be inſtead of two. 

6. From mary things put between the Eye and the 
the thing ſeen, it ſeems to be further off. 

Hence theStars inthe Horizon, ur conſtituted nigh to it, appear 
remoter ; becauſe many Tracts of earth are placed between: as 
Mountains, Vallies, Towered Cities, Rivers; which in ſome 
Meafure they ſhew the vition of a huge diftance of the Heaven : 
On the contrary, Vertical Stars, or uf the Meridian, are 
thought nearer, becauſe while the Eves are raiſed upwards, we 
behold nothing in the middle betucen (beſides the meer = 
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phanous Heaven) from which we eſtimate the diſtance of the 
Stars: So Clouds, appear higher in Hilly places than in Planes, as 
in 2 = 2 y the _ cauſe. | 
To ame thing being near, ſeems in divers places, eaſon 
of the Parallax of The Eyes. l Y w__ 
Even as before in Aſtronomical things at Pag. 349. we have 
ſaid concerning the Moon, which by Reaſon of the Parallax, 
if ſhe be beheld from the Superficie of the Earth, ap- 
pears in one place in the Heaven; if from the Center, in ano- 
ther: So the ſame happens to every thing ſeen, by Reaſon of 
the Parallax of the Eyes, for ſuppoſe in that Scheme Fig. 156. 
A and B to be the two Eyes of one Man, and C the thing ſeen, 
which will appear to the Eye B, almoſt under O, but to the Eye 
A, under D; The whole of this thing, and the palpable Exam- 
die, a Man may take from himſelf; for hold the head unmoved, 
hut the Eyes by turns: being opened behold the Noſe, if 
vou look to the right Hand, you will behold the Noſe to the 
lefr hand, if you look to the left you will ſee the ſame to the 
right hand part of the Pavement : And ſo as often as you change 
che Eyes, the Noſe will ſeem to make a leap, although it reft ; 
The ſame alſo happens if any thing be ſet far diſtant by behold- 
ing it with either Eye. : 
C HAP. XVI. 
Of the Viſion of Number. 
i. Lom two Eyes being well, and moved together, one thing 


ſeems. | 

Indeed all Images of things ſeen, are painted in 
both Eyes: And that one thing ſeems one from two 
Eves, the cauſe is, not the Union of the two Nerves 
of the Eye, as ſome think, for as much as by two 
Eyes alſo we may ſee two Images of one thing, not- 
withſtanding the Nerves being conjoined ; but the 
true Cauſe is, the equal Site of the Axes in both Eyes, 
whence it is, that in'tike manner each Eye and the 
common Senſe or Judge, accounts two like Images 
for one and the ſame, uſe the right Eye accepts 
not another Species, nor Sited in another manner, 
than the left, but altogether the ſame. 


2. Many ſmall things ſeen afar off, may ſeem one conti- 


Fubots⸗ thing. 


That happens in the Milky way, which is a * 
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of many very ſmall Stars, which by Reaſon of their 
ſmalneſs, multitude and cloſe coherence, no man 
can ealily diſtinguiſh, unleſs by uſing an Optic Tube, 
or Proſpect-Glaſs : So likewiſe it comes to paſs in 
Letters Writ on Paper, which are ſeen from ſome 
interval, the whole appears of a Homogene and 
Aſhey Colour ; or if any one make a hole through 
a Pot, and it being filled with live Coals, and be- 
ing beheld afar off in the Night, the whole will ſeem 
burning ': for the Sight by Reaſon of too much 
diſtance cannot diſcern ſo many ſmall Particles, 

| 3. One Viſible alſo may ſeem two. 

To wit, if the Eyes be diſtorted or ſet awry from 
their Natural Sight, and moreover if che Axcs of 
the Eyes are not in the ſame manner to one another; 
for then, not the ſame, but divers Images are im- 
printed on each. While therefore, the right Eye 
ſhews this, the left Eye ſhews another Image to 
common Senſe, it comes to paſs, that for one, two 
are apprehended : that which frequently is wont to 
happen to fleepy perſons and Drunkards: The ſame 
comes to paſs, if ſome thing be direct to one Eye 
and you behold it obliquely by the other; or i 
you Squeez one of the Eyes, or in any manger turn 
it awry : But the nearer the viſible is, the more 


diſtant the two little Images will be from one another, 

4. And number  apprebended from the parting of Viſibles. 

For from the Multitude of Viſions, from the Magnitude os 
things, from the Motion, from the Site, from the place, and 
from other diſagreeing known things of Vilthles;the Multitude, 
and the number of Vitible things are known. | 


CH AP. XVII. 
Of the Vijion of Figure. 
1. ints moſt ſwiftly turned about, ſeem Lines of 
| the Circumſerence of a Circle. 
The cauſe is from the ſwiftneſs of the Motion, 
and from the Similitude of ſpace, by Reaſo1 of 
Yy4 Which 


4 
3 


| Trapezia: * Circular, it appears an Ellipſis or like a Lentil, 
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which the Eye cannot apprehend the diſtinction of 
laces. 

Y 2. Of Parallel Lines or Equal Superficies, thofe ſeem 
leſs, that are furtheſt diſtant, and at laſt they are thought 
ro meet, ; 
The Reaſon is, becauſe of the Angle of the Be- 
holder being directed to things equidiſtant, but being 
directed to things unequally diſtant, about nearer 
things they are made greater, about remote things 
they always are made more acute ; and when at 
laſt they make a moſt ſharp Angle, they are thought 
wholy to go into one another, and to depart from 
the Reaſon of Parallels. 

3. Circles ſeem to be right Lines; the Eye being pla- 
ced either in the Center, or in the ſame . 
For Points ſeen by high Rays appear high, and 
more remote from the Center, than thoſe which are 
ſeen by lower Rays. | | 

Hence Celeſtial Circles, of which the Center is 
our Eye, are accurately repreſented by right Lines; 
for example, the Meridian by the Meridian Line 
for which cauſe alſo they are depicted only by 
right Lines on Sundials : For this cauſe alſo the 
Moon being biſeted into Qnadratures, appears not 
Paging as at other times, but terminated by a right 

ne. 


4. ASquare Superficies ſeen obliquely, is thought to be ax Oblong 


and ibe comrary, ſee Fig. 211. 


For all things in general, if they are beheld obliquely, they 
loſe their true Figure, and the true Figure is only ſeen, if the 


Eye is perpendicularly direct to the Center of the Superficies. 
5. A Sphere beheld afar off ſeems a Circle. 


For ſince all Lines falling on the ſame Superficies, 
of a Spherical body, are ſeen equal; it is neceſſary 
that the Superficies 'of a Spherical body ſeema 
Plane: So the Sun agd the Moon which are 3 

oy) 
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Bodies, yet they ſeem to be plane Circles, juſt like 
Platters. 

6. Angular Figures being ſeen at a diſtance, appear 
round. 

For becauſe every thing that is beheld hath a cer- 
tain length of diſtance, which being filled up, is 
no longer ſeen; and therefore Angles, as the leſs 
parts, about which the breadth of the obſerved is 
leſs, they ſooner vaniſh ; and the Figure remains 
either round or nigh to a round: And therefore 
Square Towers being beheld afar off, are accounted 
for round ones. 

7, Of a Globe, the Diameter of which is equal to the 
diſtance of the Eyes, one half is ſeen : Of which tis 
greater, the leſſer Segment is ſeen, of which "tis leſs, 
the greater Segment is ſeen. 
for by drawing Lines from the Eyes to the ob- 
jetted Globe, there they touch in the extreams 
themſelves of its Diameter : in that place oa this 
ſide, but here they touch the Globe beyond the Di- 
ameter, whence : 

8. If the Eye come nigh to the Sphere, it indeed ſees 
leſs of the Sphere, though it may fancy it ſees more. 

For from afar off, the viſive Angle is leſs, yet 
it comprehends more of the Sphere ; but the Angle 
near at hand, is indeed greater, but comprehends 
leſs: Whence this part ſeems greater than that, by 
reaſon of the rome Angle, when in truth *tis 
leſs by reaſon of the leſſer comprehenſion. 


C HAP. XVIII. 
Of the Viſion of Motion and of Ret. 
I. Otion and the differences of it, ſince they are 
not proper objects of Sight, neither have th 
peculiar Senſe, but are only judged by common Senſe, 
from the comprehenſion of Viſibles, under a certain dif- 
ference of changing of Place and of Time But Reſt is 
ſeen under an r Site in ſenſible Time. 


For 
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For if a Viſible, ſhall have to an Eye conſtituted 
in the ſame Place, a Site at one time, differing to the 
Site of it at another time, we gather it hath been 
moved forward: If the Site be the ſame it hath 
reſted: And from the Space through which the 
viſible is moved, either by a crooked,or a right Line, 
am alſd is Judged to be either crooked or 
right. | 2 
2. Things nigh at hand equally ſwift, either in the 


ſame, or on the contrary part, ſeem to re#t. 


So if two Fiſhermen in the lower Necker, each of 
which rowing in his Skiff, nigh each other with an 
equal motion, - one ſeems to the other to reſt (ſup- 
poſing all other Circumſtances are the ſame, that is, 
not having the reaſon of the Shoar, and other im- 
moyables of Seeing nigh at hand) becauſe altho' 
they Sail or Row together, yet one Skiff tothe other, 
appears Sited in the ſame manner, v:z.: to the right 
Hand or to the left Hand, and therefore no Motion 
ſeems to be. | 

The ſame happens in two contrary Motions, if 
they are alike Swift, that they aboliſh one another 
mutually, ſoif a barge Man in his Barge, ſhall A 
cend, even ſo much againſt a River, as his Barge 
Deſcends according to the River, then being beheld 
croſs-wiſe in a green Field he will always ſeem to re- 
main in the ſame place, in reſpect of the Shoar, 
and therefore toreſt: In this manner alſo, from the 
Hypotheſis of Eprcycles, the Planets in the Heaven 
ſeem to be Stationary or Retrograde, although they 
Motion. 

3. The dift ance of Viſibles being unequal from the Eye, 
but of equal Motion : The Motion of the more remote, 


pears the ſlower. 


For the Space of the more remote is diſcerned under 3 leſs 
Angle of Vidoa, but of the nearer, under a greater; whence 
that is thought leſs, this greater, although in truth they 


are equal. 
| 4. 4 
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4. A moveable, being more remote and equal in Swifrne/z, 
ſometimes alſo it will ſeem to go back. | | 
For when tis nearer it ſeems to move ſwifter, being remote, 
it will ſeem afterwards to relinquiſh it ſelf; which relinquiſhing, 
where the Species of Motion is not diſcerned accurately, is 
thought a going back, . 

3. An orb in very Swift Motion, ſeems to reſt. 

For becauſe of the velocity of Motion, the Eye 
diſc&ns not ſome and the other Parts, and when it 
returns moſt ſwiftly to the former Site, it ſeems al- 
together not to move, but to reſt; ſo an artificial 
Wheel, turned ſwiftly through large Streets, 
is thought alſo not to be moved by a circular Moti- 
on about the proper Axis, but only to be moved by 
a right Motion: the ſame may be minded in a Top, 
and the Wheel of a Potter. 

6. Mot flow Motion (either true or apparent) alſo 
to reſt. b 

So the fixed Stars ſeem to reſt, neither ſhould we 
know them to move, unleſs by the benefit of rea- 
ſoning we gather it from this, becauſe in a morning 
they are converſant in another place than in the E- 
vening: The Cauſe is this, becauſe although in- 
deed they are moved ſwiftly, viz.. according to the 
Hypotheſis of the Ancients, in one Minute of an 
hour 75479 German Miles : Yet to us who com- 
prehend this huge Space by a ſmall Angle of Viſi- 
on, they ſeem to move moſt ſlowly ; which Motion 
in a ſmall time cannot be perceived: So alſo 
any Index of a Clock or Watch, we cannot diſcern 
it to go forward, but we gather the Progreſs to be, 
from the place being changed. 

J. Anything Proceding ſlowly, ſeems to go backward ; 
but proceeding ſwiftly it ſeems ta run forward. 
So the Moon i being moved more ſwiftly, ſhe apparent- 


ly moves more ſlowly than the Clonds under her; ſeems at 


another time to move moſt ſwiftly. : 
8. Atbing near at band wholly ſtanding ſtill; ſeems to meet with 
you or to go backward, by coming 10 it or departing from it mot# 
| | ſſmifihy, 


ſwiftly, and bebolding is obliquely , but being mol remote, it ſeems 
to proceed, all under one. 1 / 

If any one Rides nigh Trees, or Sails over a Ri- 
ver approaching to Trees, or to the Port or Har- 
bor, they ſeem to meet with him; if he depart from 
them, they ſeem to depart ; ſo the Moon by rea- 
ſon of the unproportionate diſtance from the Earth, 
ſeems in the Night to make a Journey with the Tra- 
veller: Becauſe, always after ſume and other Moun- 
tains, it is beheld Sited in the ſame manner: Thus ſup- 
poſing one could be transferred into the Moon, whoſe 
Motion is a cauſe of the greateſt Velocity, then 
the Moon would ſeem to ſtand ſtill, but the Earth 
to move, with the ſame Motion that the Moon 
does, but the contrary way. 5 in 

9. A Thing at reſt ſeems to move, either from the 
Motion of the Head, or from an Heterogene mean or 
mi dale, being moved: And all things are — to turn 
roumd. | G 

For from a ſwift Motion, the Eyes are ſo affeted, 
that if either they behold for ſome time, a ſteep 
Torrent, or aPotters Wheel, or any ſuch like thing 
in ſwift Motion, they think other Immoveable 
things alſo to move with the ſame Motion, the Eyes 
being turned to them; for the optic Spirits being 
vehemently agitated by that turning Motion, as 
yet run hither and .thither, although the Body 
reſt; or a Top that Boys Whip, which by reaſon 
of the communicated force, Runs or Spins for 
ſome time although the Hand of the Agitant reſt : 
Or even as from theſwift courſe of a Ship conveyed, 
although for divers Months ſhe be at reſt or lye in 
an Harbour, yet ſtill it ſeems to move it ſelf : Like- 
wiſe if we behold ſomewhat, through a moveable 
loop hole, you will thinka thing that is at reſt, to 
move in the ſame manner. 

10. Equal circular Motion, ſeen from another than 
the proper center, appears unequal. For 
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paſs through either equal Arches, in unequal time, 


or in equal time, unequal Arches; and therefore 
will ſeem to move unequally. 


11. The Motion of a Man, which is not perceived in 
the Body, by the Argument of Succeſſion ;, or which he 
knows not to proceed from his inward moveable faculty, is 
accounted for ref}. : | 

So when a Man is ſnatcht away from the ſlow and 
equal motion of a Ship, himſelf reſting, he will 
think the neighbouring Shoar to move towards him. 

12. Thoſe things which appear greater, and either ex- 
ceed the Eye, or Poſſeſs a great compaſs, are thought to 
reft; but thoſe things which in 72 of them appear 
little, thoſe on the contrary ſeem to move. 

So the moſt ſmall Stars, according to Sight move 
ſwiftly between great Sheets of Clouds, but the 
Clouds are eſteemed to reſt. 

I 3. As the inequality which ſhews a moving thing ſome- 
times in a ſmifter, ſometimes in aſlower Motion while it 
performs its Revolution, is begat from the diſtance of 
the thing ſeen, from the Principle of equality, that is from 
the Center; ſo that inequality which ſuems a thing ſome- 
rimes going forward, ſometime: backward, argues not 
only the diſtance of the thing ſeen from the principle of 
Equality, but alſo the Motion of the thing diſcerned a- 
bout that Center. | 

For the Progreſs and Regreſs are begat from the 
reciprocation or going back of apparent Motions, 
and from the various Poſition of the Motion of See- 
ing to the thing ſeen, being moved unequally in re- 
ſpect of him that ſees: From theſe and ſuch like 
optic Axioms the Followers of Copernicus, delend 
their Aſtronomical Hypotheſes : By which they diſ- 
patchy a wonderful Compendium, thoſe things 


whictothers ſcarcely repreſent by many Wheels 
and Circles. | 1 


O F 


For from any other Center, the moveable will 
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. CHAP. I. 
Of Definitions. 
1. optric, is that whick treats concerning Re- 
flected Viſion. 

2. Reflefted Viſion, is that which comes forth from 
ſome Superficie, the Rays being Reflected, or beaten 
back; to wit, from a Looking-glaſs or Speculum in 

the ſame Medium. | 

3. A Looking-glaſs or Speculum, is a thin body, 
poliſhed by Nature or art, Reflecting the Images 
of things, and caſting them before the Eyes, from 
which, right Lines may be drawn into it. 

4. Poliſhing, is the continuity of the parts of the 
Super ficie as Poliſht body, Without ſenſibility of 
Pores or of Diviſion, 

5- And a Looking-glaſsor Speculum, is either Natu- 
ral or Artificial. | | 

6. Natural, is that which Nature it ſelf produces 
and Poliſhes. | 

Such are Air, thinner and thicker, Clouds, Water, ſome 
Gems : The Eye alſo, in which any one may contemplate 
himſelf, as in an Artificial Looking-glaſs. 

7. Artificial,is that which the induſtry of art hath 
Prepared. f 

Theſe things have their Original from natural things, 
when art Imitates nature and is 4s it were the Ape of it. 

8. Moreover Artificial Mirrors or Speculums, 


are either Regular or Irregular. 

9. Regular, are thoſe which have Uniform Figure: Irregular, 
which have deformed. 

10. Regular, are either Plain, or Convex, or Concave, vn. 
of which the Superficies is Plain, Convex, or Concave. 

11. Catoptric —— or ſbining, is in this manner ¶ · from 
a Viſible Ray of Incidence on a Mirror or Specul d from 
the Ray of Reflection from the Mirror it Radiates on the op- 
polite part. 

12. A 
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12. A Ray of Incidence, is that, according to which, 
the Species of the Viſible thing falls on the Superficie 
of the Mirror or Speculum : For Example ; ſee Fig. 
212. c falling from the Kay c e, on the Glaſs or Specu- 
cum fed. 

13. A Ray of Reflcition is that, according to 
which, the Image of a thing is Reflected to the ſight 
or the Eye, as e a. 

14. A Point of Incidence or of Reflection, is the 
common Term of theſe Rays, a e. 

15. The perpendiculars alfo in this place to be 
conſidered are three. 4 ey. 

Of Obliquation, of Incidence, and of Reflection. 

16. A Perpendicular of Obliquation is, that whieh 
being drawn out from the joint of the Viſible thing, 
on the Superficie of the Looking-glaſs, or Speculum, 
and being produced, makes equal Angles on both 
ſides with the Glaſs or Speculum, as cf g. | 

18. A Perpendicular of Reflection, is a right Line 
falling from the Eye on the beheld Superficies at 
right Angles, as ad. 


19. From theſe Lines, Angles are conſtituted ; one 
of Incidence, the other of Refieft;on. 


20. An Angle of Incidence, is that which conſti- 
tutes theRay of Incidence with the Neigbouring Su- 
_ of the Looking-glaſs or Speculum , «s 
cef. 

21. An Angle of Reflection, is that which conſtitutes 
the Ray of Reflection with the Neighbouring Su- 
perficie of the Looking- glaſs or Speculum, as a e. d. 

22. From theſe Angles, is made the Superficie of Re- 
percuſſion or of Reflection, which is determined by three 
points (According to which, if they are not poſi- 
ted in the ſame right Line, neceſſarily it places the 
peculiar Planes,v:z. from the Center of fight, to the 
point of the thing ſeen, and to the point of Reper- 
cuſſion or of Reflection a ce. 


. 
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CHAP. IL 
Of ſome affeftions of Rays, and of Catoptric Angles. 
I. He Refieflion of Rays of Incidence is made on 

the oppoſite Part. : 

For even as a Ball, ſtrongly caſt againft a Solid 
Wall, rebounds unto the oppoſite Coaſt or part, fo 
much the more as the force of caſting is greater: 
becauſe indeed the paſſing further is denied to it, 
nor yet isall the moving torce aboliſhed : So Rays 
gone forth from Lucid or Coloured bodies, and be- 
ing always apt to move and ſpread abroad, when 
by an objected Superficies they cannot proceed fur- 
ther; they are Reflected inte Another part, and 
in this manner they Labour and endeavour to con- 
tinue their ſpreading abroad. | 

2. A Rayof Incidence at the Swperficies, to which it 
paſſes by Perpendicularly, or at right Angles, is Reflected 
into it ſelf ;, but falling Obliquely, tis Reſlected, at an Ob- 
lique Angle. | 

For ſince Reflection is made into the oppoſite part, and equal 
force Argues Equal motion, the diſcovery or ſign of which is 
the equality of Angles; Therefore which way the force is mo- 
ved, or by what Angle the Ray is moved from the Point of Re- 
wo in E40 * roar is the 1 will Ir be 
moved, unleſs paſſing from a Reflective Super- 
ficie, or from a Mirror or — vrng tis carried by the (ome 
force and the ſame Angle with the Superficie of the Mirror or 
Speculum, to wit, being right, tis carried into the oppoſite part; 
which cannot be done, unleſs the Perpendicular Ray falling in at 
right Angles, be Reflected in it Self. 

3. 3 Ray falling on a Reflective S ies; 
is alſo Reflected Obliquely, and makes the Angle of Inci- 
dence and of Reflection eq 

The demonſtration is the ſame with the former: 
for let the point, a, Radiate obliquely on theRefleRive 
Superficie de f. the Ray of Incidence will be 2 e: 
Unleſs therefore the Reflective Superficies d e f re- 
ſiſt it, it will be moved further even to g, by con- 
ſtituting an Angle Fe g, equal to the Angle of 
Incidence «ed, but ſince it cannot proceed bo: 

yo 
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proceed beyond the Reflexive Superffcie, it is Re- 
fleted in the point of Reflection e, to the oppoſite 
part c, in the Angle of Reflect ion ce, equal to the 
Angle Fe g, which is equal to the Angle of inci- 
dence a ed. , 

4. Reflections from thicker Superficies being poliſhed 
and made regular, are perceived rightly alone. 

Thickneſs is required, leaſt the Rays penetrate; 
And poliſhing, or Smoothneſs and Regularity, that 
they may Refle& more evideatly : For ſuch as the 
Reflexive body is, the ſame alſo is the Refiection 3 
from irregular and rough bodies, the Reflection al- 
ſv 1s irregular and rough, deformed and confuſed: 
But from poliſhed and regular, the more genuine 
forms of things are wont to recoil or reflect. 

5- Light and Colour Reflected, are weaker, by Radi a- 
ting directly. | 7 

For being more removed from their Fountain, to 
wit, from a Lucid or Colouredbo dy; from whence, 
the farther Rays go forth, they are mage the weak- 
er, which alſo helps weakneſs, it they fall in oblique- 
ly ; for right motion alſo is ſtronger than oblique. 

6. Light Feflected, although it be weaker than the 
fit light, which flows from the Luminous body, yet it 
is ſtronger than the Secend Light, which procceds / om 
that Light by communication. 9 * 

Experience ſhews this, for if in ſome Chamber be- 
ing illuſtrated by a ſecond Light, a Locking - Glaſs 
be placed oppolite to the Sun, that it caſt the Reflect- 
ed Rays on the ſecond Light, it will appear moſt 
clearly whether of the tw is ſtroager. 

7. Tet Reflefted Light by being collected, may be 
made ſtronger than incident Light. Nr : 

For becauſe force united is always ſtronger than 
diſperſed, therefore alſo direct Rays but diſperſed, 
are of leſs Efficacy, than Reflected gathered toge- 
ther: Hence tis that from ſome Glaſſes placed to the 

: | 22 Sun 
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Sun, Fire kiadles, if all the Reflected Rays be ga- 


thered into one point; which diſperſed Rays would 1 
not do. 
3 CH AP. Ill. "4 


Of ſome affections of reflected Viſton it ſelf in general. ol 


1. Or the thing, but the Image of 3 is ſeen 
by the Reflection in the Glaſs or Speculum. 


For the Eye cannot ſee it ſelf, becauſe to the Eye, MW t 
there is wanting, that whereby it ſhould ſee it ſelf: MW © 
And the Eye which you behold in a Looking-glaſs, MW a 
is not thy Eye, but the Image of thy Eye ſhining 
from the Glaſs. a t 

2. Yet not always the genuine Image, but oftentimes : 
light only „ or Lakes Chiey e 4 

To wit, when in Reflection, there is ſome rongh- 
neſs and inequality of parts, asin a Wall Illuſtrated 
by the Sun, which doth not reverberate the Imaze 
of the Sun, but only Reflects Light into all parts 
of ſome obſcure Chamber. 

3. The Images of things are diſcern'd in Glaſſes or 
Speculums, not by ſome Impreſſion, even as the Seal of 
Wax, and a blot impreſt on Paper : but in the ſame Plain 
manner whereby other things incur to the Eyes; but that 
here they appear without the place, and the Flux of Spe- 
cies, reſirain'd by the Glaſs is reverberated to the Eye. 

For 1. Speculums made of Iron, Steel, or Ada- 
mantine, alſo ſhew the Image from themſelves by 
Reflection, which by Reaſon of hardneſs admit of 
no Impreſſion. 

2. If ſuch Image ſhould be impreſſed on the Glaſs 
or Speculum, it would be Reflected and diſcern'd,not 
at one certain place, but every where, neither would 
the place of the Image be varied according to the 
variated Site of the Eye, which nevertheleſs is done, 
as ſhall be Demonſtrated by and by. 

3. Neither laſtly, can the Images of great things, 

as 
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as of Mountains, and of Buildings, be comprehended 


in a ſmall Glaſs or Speculum. 
4. Either from the moving of him that beholds, or 


from the moving of the Object it ſelf that is beheld, the 


Image alſo is moved, or rather the place of the Image in 
the Glaſs, alt hough it ſelf res. 

For the Superficies of Reverberating, or of Re- 
flection is one, in which alſo the Center of Sight, and 
the Point of the thing ſeen, and the Point of Reflecti- 
on are together; of which, from one being changed, 
all Viſion muſt needs be taken away or chaaged. 

5- Many Men beholding the ſame thing tegether in 
the ſame Glaſs or Speculum; they beheld it ſited, not in 
the ſame, but in divers places; and there will appear in 
the Glaſs, ſo many Images as there are Eyes looking on, hut 
to each Eye, not above one. 

For from one viſible Point to one Point of RefleQi- 
on in one Eye, there can belong but only one Ray: 
Therefore to another Eye there belongs affotherRay, 
and another reflected Point, and conſequently alſo it 
ſees another Place ot the Image, and another Image. 

6. The Image in the Glaſs or Speculum, reſembles the 
thing, as to the Mattcr and Form. 

For if Matter, for Example, Glaſs, be Coloured 
or but a little Tinged, the Face alſo of him that be- 
holds, will appear Tinged with the fame : So if by 
reaſon of the Form, the Looking-glals be not exact- 
ly Plane, but makes a blunt Angle, or leaves off in 
an obtuſe Boſs or Knob, the Face will be beheld, di- 
vided through the middle, either as an Aſſes or a 
Dogs Face, or deformed with a Swines Snout. 

Hence alſo it comes to paſs, that right Lines in 
convex Mirrors or Glaſſes, appear crooked ; ſo if you 
look on a ſtrait and poliſhed Sword, the Face will 


ſeem an Oblong, according to the manner of the 


Poliſhing of it. 
| "4 & Which 
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W hich reaſon of Poliſhing, alſo helpeth or aba- 
teth much to the Image : For to what difference of 
Poſition, the Pores are ſmoothed or Poliſhed, tis 
"neceſſary alſo that the Images ſhould be formed ac. 
cording to that difference : From whence, Mirrors 
or Spcculums are wont to be Poliſh'd circularly, 
accordingly to which manner, fewer Deformities ap- 
pear : But in the general, the more like in Site and 
Figure, the Viſtble or Thing ſeen, and the Mirror or 
Sneculum is, the trver the Image will be. 

7. Often times we beholdthe differences of place, turned 
rpftde down. | 

The right Hand appears the Left ; and that which 
is the right Hand part of the Members to us, ſeems 
in Mirrors or Speculums the Left: If you place a 
Mirror, or Looking-glals, or Speculum, oppoſit to 
a Book, you will fee in it, the Letters not only In- 
verted, but after the manner of the Hebrems to be 
read from the right Hand towards the Left; ſo alſo, 
vpwards appears downwards, as we ſee Buildings 
in running Waters : But firſt of all, concave Mirrors 
or Speculums decetve very much here, in which the 
Vilible is ſometimes turned, ſcmetimes inverted; 
except when the Image of one Mirror, be reflected 
into another Mirror or Speculum, and ſo again in- 
8 tor then we behold truly the Image of the 

mage. 

845 whole Mirror or Speculum ſhews one Image, ex- 
cept concaves and uneven ones: But a broken Mirror Mul- 
riplies the Species, if the parts of it lye not direct or ſtrait, 

For although in any Mirror or Speculum, many Rays may 
light upon it from the objected viſible Thing, yet not all of them 
will be Reflected to the Lye, but another way ; And therefore 
from one reflected Ray, but one only is ſeen : Tet concave Mir. 
ors are hence excepted, in which, the ſame Viſible; may have 
many Images; and Vzeven or rough ones are alſo excepted,whicl 
not always ſhew the Image, but ſometimes the Light only, or 
a confuled Colour. 

But if the Mirror or Speculum be broke in Pieces, and * 


Chap. INT. Of CATOPTRICS. 709 


lie not direct or ſtraight, but ſo, that all are Perpendicularly op- 

ed to a middlePoint,radiating between theE ye, and the thing 
a the Glaſs or Mirror; Then the Eye will ſee all the Images of 
one Viſible, in ſeveral broken Pieces; and by one Perſon looking 
on theſe Pieces, ſeveral People will ſeem ; for the Angles of 
Reflection and of Incidence, in this manner will be made equal 
zud meet in the Eye: But if theſe broken Pięces of the Look- 
ing-Glaſs be ſited directly or ftraight, then the Viſible er thing 
ſzen, will appear in one Image only, the other Images will re- 
nett towards another place. 


9. Images are ſeen to flick or adhere, not in the Su- 
perficies of the oppoſit Glaſs or Speculum, but to ſome In- 
terval behind them. 

This is manifeſt. to all Men that behold a Mir- 
ror or Looking-glals accurately: For the farther 
any thing is from the Glaſs on the out- ſide, the far- 
ther alſo it will be diſcerned to be ſited from the 
Superficie of the Glaſs on the in- ſide: And even as 
we depart from the Glaſs,or draw nearer to it, the 
Image alſo it ſelf, will ſeem to depart into the Gulf 
or depth of the Glaſs or Mirror, or to draw near 
from the inner depth to the outer Superficie : The 
Cauſe of this, Th. Campanella aſſignes thus; That 
not only our Viſage, but the ſpace of Air alſo,pla- 
ced between us and the Mirror, and other things 
near, ſtanding round about, Shine agaia into the 
Mirror, which alſo in the Glaſs ſhew ſome Imagi- 
nation of diſtance : But the true and optic Cauſe 
of the Place of the Image, may be gather'd from 
the following Theorem. 

10. For the Images of things reflected from the Glaſs 
to the Eye, are ſeen in the concourſe or meeting of the 


Perpendicular of Incidence, and of continued Reflection, 


Fig. 212 and 213. | 

n this Scheam let the Mirror or Looking · glaſs be fe d; The 
thing appearing in the Mirror c, reflected from th: Point e, to 
the Eye 4: And from the Point c, drawing the Line cf g, which 
let be Perpendicular to the Superficie of the Mirror or Glaſs; 
Then continue the reflected Radius a e unto this Perpendicular, 
in the concourſe or meeting of which, to wit, in the Point g, the 
Image of the Viſible thing c will be diſcerned. 223 The 
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The reaſon'is the ſame in hollow Mirrors, as in Fig. 214, for 
where the Perpendicular of Incidence b d, and the continuati- 
on of the Reflection ea, meet in c, without the Superficie of 
the Mirror or Speculum, there the Image will appear as it were 
hanging in the free Air; And this is the reaſon of it: 1, Be- 
cauſe the Eye, although it perceive the Reflected Rays, yet the 
Reflection from it ſelf, which is made in the Point e, it compre- 
hends not at all: 2, And becauſe at another time, concerning 
the coalt whence the Viſible arrives, he Judges from the direc- 
tion of the Eye to the viſible or thing ſeen, according to the 
Ray which falls into the Eyes: Therefore alſo in the Reflection 
of the Coaſt or part of the Image, he judges from the retie&t- 
ed Ray, not ſubſiſting in the Point of Reflection e, but in 
Planes going forth further than the Mirrors, even to the ſame 
Perpendicular hd, which from the Viſible (which there is e, 
but here 6,) fails in on the reflecting Superficies, and Termi- 
nates the reflected Superficies. 


CHAP. IV. 


Of the Properties of Viſion, Reflefted from Arrors or 
Speculums in Particular. 


J. F Natural Mirrors or Speculums. 
1. In cloſe and thick Air, one may ſee the L 

mage of himſelf. 
That is wont to be done ſometimes in Evening 
and Morning Twilights, eſpecially by thoſe whoſe 
Sight is dull or thick : Even as Ariſtotle writes of 
Antipheron, Book 3 of Meteors, that he ſaw his I- 
mage always reflected from the Air. 

2. Thoſe that Ichabit in Higher Places may ſee the 
Image of the Sun heneath them. 

Jo wit, if Vallies are filled with thick Clouds, 
they who inhabit in an higher Mountain, may ſee the 
Image 1 the Sun dragon from a Cloud. 

3. In the Eye of another, one may ſee theImage of himſelf. 

For ſuch little Images wrong * — 

which Viſion is made in the Eye, much leſs any 

thing ſticking in the Eye, as the Vulgar think: 

And old Women, in the troubled Eyes of whom 

theſe kind of little Images appear not, from _ 
VIS 
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visd Judgment, they are accounted for Preſaging ; 
But they are the Images of the Man ſtanding before 
the Eyes of the other, which are depicted in his 
Eyes, as it were in a Mirror or Looking-glals. 
II. Of Artificial Mirrors or Looking-laſſts, 

4. Natural Mirrors or Speculums, are the Original of 
Artificial ones. . 

For unleſs Nature had given Men ſome hints be- 
fore, and taught them that Plainneſs or Slickneſs, 
and Umbrage or Shadowy, are neceſſary to Mirrors 
or Speculums, perchance Man had not arrived at 
the art of making of Mirrors or Looking-glajics. 


III. Of Plane Mirrors or Lookino-glafſes, otherwiſe 


called Speculums. 
5. In whole Plane Mirrors, one Image only appears. 
Indeed, one Point of a Vilible falls in by many 
Rays on the whole Glaſs, all which alſo, according 
to the manner of Incidence, are reflected to the op- 
poſit Part: But becauſe not but one Ray alone is 


reflected to the ſame Point of the Eye, becauic 


from one Point to one Point, but one right Line 
only can be drawn; And that which is the reaſon 
of one Point, is the ſame alſo of all the reſt : Hence 
it comes to paſs alſo, that the whole Viſible reflects 
only one Image to the Eye. 

6. The continuation of Reflection at the Image, is e- 
qual to the Ray of Incidence. 

For the Point c falls on the Mirror fed, by the 
Ray of Incidence ce, which is reflected into the 
Eye 4: If this Ray of Reflection be continued, this 
continuation eg will be equal to the Ray of Inci- 
dence ce: For becauſe in the Rectangled Triangles 
cefand zef,the two lides cf and fg are equal, and the 
ſidefe common to both; Therefore by Element 1 Frop. 
4. of Euclide, the baſe eg, the continuation of reflecti- 
on, will be equal to the Baſe ce the Ray of Incidence, 


7. Hence in plane Mirrors, the diſtance and the tric - 


Image, is alſo equal to the Vſble. 224 For 


* * 
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For becauſe Triangles from Rays of Incidence and 
of Reflection continued, likewiſe being made Perpen- 
dicuſar, are equal: The Image alſo and the Viſible 
will h2cqual, as well in Reaſon of Quantity as of Di- 
ſtance; Therefore the Image in plane Mirrors is truer 
than in Gibbous, in which this equality hath no place. 

8. A Plane Ilir ror or Leoking-glaſs,being Illuminated 
from ſome Lucid thing, reflects the ſame Rays, which the 
game Lucid caſts forth at the fame Site (in reſpect of the 
Cliſe) thrergh the Glaſs it ſelf, as if it were an hole. 
As if in the aforeſaid plane Scheam ; the Lucid 
a, {ſhould fall on the Mirror def, it would reflect on 
the Wall cf#, the ſame Rays at c, which it would 
caſt forth on the oppoſit part at g, it the Mirror 
were perforated, or a hole made through in e. 

Hence, by a Mirror or Speculum placed Level to 
the Eorizon, the Altitude of the Sun may be alike ta- 
ken by reflected Rays, as by Rays of Incidence; And 
ſo the Angle of Reflection would be found by Expe- 
rience to be always equal to the Angle of Incidence. 

9. The ſame thing may be ſeen in many Mirrors or 
Syeculimsby one only and at once; and alſo if ſomething 
be placed behind one, or in remote Places, whereby a di- 
rect admittance appears not to the Sight. 

That is done, if plane Mirrors or Speculums be ſo 
placed, that the reflected Ray reach not to the Sight, 
but be received from another Mirror, which deli- 
vers it agaiu to the other, until by many intricate 
Paſſzges, the laſt at length is offer'd to the Eye. 

' 10. Alſo one and the ſame thing, may be ſeen ma- 
ſola and often times in many Mirrors, 

For even as a broken Mirror multiplies ſpecies a+ 
aiorefaid; ſo the ſame alſo, augmented or multiplied 
M!;1rors perform, yet not in a direct Site: For then, 
by reaſon of the diſtinct Super ficies of Mirrors, al- 
fo diſtinct Perpendiculars of Incidence are made, 
55 well of divers Rays of Incidence, as of Reflection 
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to the Sight, to the number of which, *tis alſo ne- 
ceſſary to multiply or increaſe the Images. 
11. Two Mirrors or Speculums may be ſo placed, that 


in one you may {ce the Image coming to, and in the other, 
going Away. N * 


That may be done if you joyn them at a right 


Angle, and the Eye fix'd over againſt the Angle: 
For the thing being moved from one extrcamof 
the ſide to the other, it will ſeem in one Mirror to 
come to the Angle, and in the other to go from 
the ſame. 

12. Ia many Mirrors or Speculums placed together; 
from one Leaping or Dancing, you may behold a Ball of 
many Leaping or Dancing together. 

For if, of. an Arch of a Circle, the Subtenſe 
Chords be divided into aliquot Parts, and upon 
each one of them, a Mirror or Looking-glaſs be 
Perpendicularly erected ; whatſoever a Spectator 
acteth, being conſtituted in the Center, that will 
ſeem there, ſo many times as there are Mirrors : 

And if he Dance, In thoſe Mirrors he will ſee ma- 
ny Dancing together, and each Mirror will 
have an uniform aſpect to the Sight exiſting in the 
Center: And ſo alſo one Candle placed in the Cen- 
ter,will ſhew fo many Candles as there are Mirrors. 

13. The Site of the Eye of him that beholds, is pro- 
portional to the Site of the viſible thing. 1 

| In the former plane Scheam. 

As the Radius ea, to the Eye a, reflected from 
the Point e to its Perpendicular 24, or the Stature 
of the Spectator from the Eye to the feet: So is 
the Ray of Incidence ce, to its Perpendicular cy, 
and in like manner. 

Again, as the diſtance e d, to the Altitude ad: Sois 
the diſtancee /f, to the Altitudec y, and the contrary: For 
the Angles ot Incidence and of reflection ce f and ac d 
are equal: And on both parts is one right Angle c ſe 
ö * 
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and ade, and therefore both the remaining Angles 
alſo, d ae and fcewill be equal to each other, and there- 
fore they have proportional ſides reciprocally. 

From the Foundation of this Propoſition we may 
meaſhre the Altitudes and Diſtances of things by 
Mirrors or Speculums as is ſaid before in Geometry. 

IV. Of Convex Speculums or Looking-glaſſes. 

14. In theſe, the d ſtance, and the Image of the Vi- 
ſible, falling obliquely, are always leſs than Juſt. 

That 1s, As the Image it ſelf appears leſs than 
the viſible thing it ſelf is; fo alſo the diſtance of 
the Image from the Superficie of the Mirror, is leſs 
than the true diſtance of the viſible thing from the 
ſame Superficie: The reaſon is, becauſe the Lines 
of Incidence terminating the ſame Image, meet aud 
are made ſharp in the Center of the Speculum. 

But if the thing to be beheld, be Sited directly a- 
gainſt the Convex, and the Eye ſtand in the ſame 
Line, then the place of the Image is ſo far diſtant from 
the Superficie, as the thing to be beheld, is it ſelf. 
15. By how much leſs, the Globe of a Convex Mirror 
16, by ſo much the leſs alſo, are as well the diſtance, as the 
Image; And they will be made ſo much the greater, as 
you come nearer to the Viſible. 

For by how much leſs,the Circle of Convexity of 
the Mirror is, by ſo much alſo the place of the 
Image, is nigher to the Center in which the Perpen- 
diculars meet, and by conſequence alſo the leſs : 
And the nearer the Viſible comes to the Mirror, the 
greater it couſtitutes the Angle at the Center, and 
therefore it will be ſeen greater. 

V. Of Concave Mirrors or Speculums. 

16. The Eye exiſting in the Center of the Concave 

Mirror, ſees it ſelf only : Within and without the Peri- 


oy it ſeems no where. ; 
or becauſe all the Rays fall Perpendicularly from 


the Center on the Concave Superficie, and 2 
ore 
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fore are reflected into themſelves, and again meet 


in the Center: The Eye therefore conſtituted in the 
Center diſcerns nothing beſides it ſelf : But in the 
Circumference or without it, the Eye being conſti- 
tuted, which way ſoever it Radiates, yet the Rays 
will reflect another way, and you cannot behold the 
Image of it: From whence alſo it follows, that the 
Image of no one thing exiſting in the Center, can 
be ſeen by the Eye exiſting elſewhere. 

17. If the Eyes be ſo conſtituted in the Diameter of a 
concave Mirror, that both be equally diſtant from the Cen- 
ter, neither will diſcern it ſelf,but one will behold the other. 

Fig. 215. In the concave Mirror bad, diſtant in 
the Diameter deb, of the Eyes i and f equally from 
Center e. The Eye i will Radiate in a, which will 
reflect into the Eye 7. And again, if the Eye ra- 
diate in a, the Ray of it will be reflected into i, and 
therefore neither Eye will ſee ir ſelf, but the Eye :, 
will behold the Eyef, and the Eye f the Eye i. 

18. A concave Mirror. ſhoots or darts out the Images 
without it ſelf, eſpecially Lucid ones, ſo that they ſtick as 
it were hanging in the Air. 

The reaſon is, becauſe the place of the Image, is 
in the meeting of the Perpendicular of Incidence, 
and of the continuity of Reflection, which meeting, 
in Concaves, is made 1n the Air without the Mir- 
ror, as is alſo ſhewn before in Fig. 21 4. 4 page 710. 


Let b be the Light ſhining on the concave Mirror 


or Speculum e a, and let e be the Point of Reflection 
of the Ray be into the Eye a, and the Perpendicular 
of Incidence will be bc 4, cutting the Ray of Re- 
flection e 4 in the Point c : There then will be the 
Image of Light, and the Medium Air will be thought 
to ſhine : And obſerve, that by how much you are 
nigher to the Center of the Mirror, ſo much the 
Image appears greater, being ſeparared quite from 
the Glaſs or Mirror, that it ſeems to be touched by 

the 
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the Hands: And if in the place of the Image c, you 
apply a Paper or other Solid, all things will appear 
more evident: But if in the Place b, you place Snow 
or Fire, the Eye being placed in the Point c, it will 
alſo ſenſibly perceive the cold of the Snow or Heat 
of the Fire, which are reflected together with the 
Ray of the Viſible. 

16. A concave Mirror or Speculum expoſed to the 
Sun, burneth ;, in the whole Axis indeed, but mot ſtrongly 


in the Center, Sce Fig. 216. 


Suppoſe ſome Rays to proceed from the Center of 
the Sun, through the whole circular Superficie of 
the concave Mirror, and to make with the Axis, e- 
very wherelike Angles on the Superficie of the Mir- 
ror, which being Reflected, will meet in a certain 
Point, and by reaſon the force of Heat is united, it 
will burn there ; yet more weakly, becauſe in one 
Point,none but the Ray of one Periphery meets: And 
the greater and larger the Circumference is, or the 
more incident Rays it receives, the ſtronger likewiſe 
is the burning, and this is made according to the Axis. 

But the central burning is thus } es och let the 
concave Mirrour be DEF GH, and the Sun A BC, 
Radiating on it by the Center of the Mirror, by 
the Rays AIG, BIF, CIE; I fay that all theſe 
Rays, intercepted between the points E G, meet 
in the Center I: For becauſe they are all Per- 
pendiculars, therefore they are reflected into them- 
ſelves, and interſet one another anew, in the 
middle Point of the Glaſs or Mirror I: If there 
be placed or applyed combuſtible Matter, as Gun- 
powder, or Sulphur, it will be kindled Immedi- 
atly from the Heat of the Sun: But becauſe the 
Portion of the Mirror EG is very ſmall, nor there- 
fore capable to receive many Rays, and all the reſt 
of the fallen ſolar Rays, meet indeed elſewhere in the 
Axis, but without the Center, beyond and on _ 

e 


Chap. IV. Of CATOPTRICS. 717 


ſide it, therefore the operation of hollow Mirrors 
is more weak and Languid. 

| VI. Of Irregular Mirrors. 

Irregular Mirrors are various, ſome more ſimple 
as the Cylindrical, Conical, Elliptical, Hyperbolical, 
Parabolical, &c. Or compounded from Regulars, 
or altogether out of order and rough, and all theſe 
poliſhd either within or without. 

And what a Cylinder and a Cone is, is ſaid before 
in Geometry: The Hyperbola, Parabola, and Ellipſir, 
are Lines or Figures, mixt from crooked and right 
Lines, participating of right and crooked : The Pa- 
rabola from equal or alike, the Hyperbola from more 
of ReQitude, The Ellipſis from more of Crookedneſs. 

20. A Parabolic Mirror or Speculum burns mos Ve- 
bemently. | 

For all theRays falling from theSun,of which there 
are infinite, being Reflected, are here united ; when 
in a Concave, only ſome are gather'd into one Point: 
And by ſuch a Mirror we read that Archimedes and 
Proclus in old time, burnt the Gallies of their Enemies. 

21. Compounded Morrors or Speculums, burn indeed 
alſo, but faintly. 

Tis impoſſible to burn ſomewhat, by a ſimple 
plane, or by a Convex one; becauſe the Rays are 
ſtretched out divers ways, neither do they ever 
meet: Yet if many, either Plane, or Convex,or Con- 
cave, be ſo aptly conjoined, that to each compounded, 
a circle may be circumſcribed, it mult needs be, that 
the Rays of the Sun, reffected from all the Superfi- 
cies, being gather'd into one Point, viz. the Center, 
it will there kindle. | 

22. Irregular Mirrors or Speculums, follow the Affecti- 
ons of Regular, as much as may be. 

So the Cylindric, outwardly according to the 
Length imitates a Plane, according to its breadth, it 
Imitates a convex Mirror, becaule *tis compounded 
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23. Aud they always yield monſtrous Images. 

For Images are made like to the Mirrors, and 
therefore Irregular Mirrors, cannot reflect Regular 
and genuine Images. 

24. In general, we have very little certainty of reflex 
Viſion, but are almost conſtantly miſtaken about it. 

For not the Vilible it ſelf, but only the Image of 
it is ſeen, yea oft times, not the Image indeed, but 
only ſome confulion of Colour : And if the Image it 
ſelf appears, yet it may be changed by the reaſon of 
Colour, as well as by the reaſon of Fignre, and moſt 
of all by the Matter and Form of the Mirror: Laſt- 
ly, neither 1s any thing ſeen in its Place, but all in 
another Place. | 

From whence the optic Image, in as much alſo as 
*tis moſt intire, they call refleted from the Mirror, 
when things themſelves are beheld indeed by their 
Colours, and Figures by their Parts, but by another 
Site, arrayed in any place, and by alien Quantities, 
and by an unapt proportion of Parts of Figure: In 
ſhort, a reflected Image is the Vilion of any thing 
— with the Error of the Faculties agreeing to 
Sight. 
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Part III. Of OPTICS. 
Concerning MES O YTICS Sr DioPpTRICS. 


CHAP. I. 
Containing certain Definitions. 
1 Eſoptics or Dioptrics ĩs, that which treats con- 
cerning refracted Viſion. 
2. Refracted Viſion is, when we diſcern ſomewhat 


by a refracted Medium. 

3. A Refrafted Medium is, either two divers Su- 
perficies, having divers thinneſs and thickneſs ; or 
one, affected in divers manners. Sach 
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Such Mediums are Sky and Air; Ar and Vater; 
d ir ad perſpicuous Glaſi or Spectacles, or Tubes through 
r which we ſee; alſo pure Air, Cloudy, &c. 

4. A Dioptric Ray, is either of Incidence or of 
„KkKefraction. 


5: A Ray of Incidence, is that which falls from a 
viſibl 


f e thing through one Medium, on the Super- by 
t fies of divers Diaphanous things, Fig. 217. 
t As bd, from the viſible b, falling on divers Diapha- 3 
f nous Bodies fcd. | 
- 6. A Ray of Reſraction, is that according to which, 


* it being already entred into a divers Medium, *tis 
1 Refracted. 

Asd h, or dl, bending or ſwerving from the rect itude 
of the line bd i. | 

7. For Refraction, is the bowing of a Ray of In- 
cidence, to the conſtituting of an Angle. 

8. A Point of Refrattion, is the common Term of 
theſe two Rays; asthe Point d. 

A Superficies reſracted, is the firſt extream of a | 
following Diaphanous, as c 4m. ü 

9. A Perpendicular of Incidence, is that which is 
drawn from the Point of the thing ſeen, to and 
through the Superficies of divers Mediums at right 
Angles. | 

Such is bcf in a plane Superſicie; beg ina crooked. 

10. A Perpendicular of Refraction, or of Obl quat ion, 
is that which paſſes through the Point of Refraction | 
at right Angles, as the Line 4g; And tis the rule | 
or ſquare ot Refraction. | 

11. An Angle of Incidence, is that which conſti- 
tutes in the Superficie of a diverſe Medium, a Ray 
of Incidence with the Ferpendicular of Refractiou; 
. ſuch is the Angle h d a. 

12. A Kefracted Angle, is that which conſtitutes 
a Ray of Refraction, with the Perpendicular of 
Obliquation or bending alide, in the Supechcie of a 
divers Medium, as the Angle gdh. 13. An 
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Refracted in a divers Mean, but are alſo Reflected. 
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13. An Angle of Refraction, is that, which in the 
ſame Superficie of a divers Medium, conſtitutes a 


Ray of Retraction with the Ray of Incidence, by 


continuing a right Line; the Angle hd i. 

14. Refraction at the Perpendicular, is then ſaid to 
to be, when the Ray of Refraction comes near to 
the Perpendicular of Refraction, as b dh. 

15. Refraction from the Perpendicular, when it goes 
away farther from the ſame than the continued Ray 
of Incidence, as bd kl. - 

16. Moreover Refraction is twofold, Simple and 
Mi xt. 

17. Simple Refraction, is when nothing elſe hap- 
pens to the Rays beſides Refraction. 

18. Mixt Refraction, when the Rays are not only 


— 


CHAP. II. 
Of the Aﬀections of Simple Refr action. 


. \ Perpendicular Ray paſſes alſo through a divers 
Medium unhurt from Refraction : But an ob- 


lique Ray is refracted in a divers Medium, and fo much 


the more, the obliquer it is. 


The reaſon is, becauſe a Ray falling Perpendicu- 
larly is ſtronger and leſs; but falling obliquely, is 
weaker and ſuffers greater violence from the Medium: 
And although a Perpendicular Ray is not refracted, 


yet 'tis more preſſed together in a thicker Medium; 
but in a thinner, it wanders about freely, and ſpreads 


it ſelt abroad. 
2. A Ray falling obliquely on a thicker Medium, is 
Refracted at the Perpendicular, the more for being thicker. 
As if the Medium fei m in Fig. 217. be appointed 


- thicker than the Medium cb44, the Refraction of 


the Ray bd, which is 4h, is made at the Perpendicu- 
lar 4 dg. - 
3. 42 
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- 3. A Ray wa Thin Migium falling obliquely, is Re- 
fracted the mere by the Perpendidular, the thinner it is. 

As if bu ſuppoſe the Medinm fc im to be thin- 
ner than the Medium c bd; The refraction of the 
Ray b d, which is 41, is made in the Perpendicular 
2g. Beyond the Ray of Incidence continued right 
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forward, biz. bd i. 1 4 

The rraſomꝶ of this diverſity is, becauſe the thicker 
Medium, more reſiſts and preſſes the Rays: But in a 
thinner, they have freer Paſſage, and may ſpread 
themſelves —_— A 1 

4. Hence alſa an oblique elling in a thicker Me- 
dium, the refracted yes 342 pu leſs, but the An- 
gle of Refrartion h d i made the greater, the thicker 
the Medium ts, and imerchaygeably, the leſs thick the 
Medium is, the greater the refracted Angle is made, 
bur the Angle of Refraction leſs, 1 

For there, the refracted Angle comes near to the 

perpendicular, but departs further from the Ray 
of Incidence continued: But here, it departs further 
from the Perpendicular, and comes nearer t6 the 


Ray of Incidence Tontinned,. | 2 © 

5. But an oblique Ray falling in a thin Medium, 
male chor h, as well the refracted Angle, as the Angle of 
Refraction the greater, by how much thinner the Mrdium 
1, yet the rtfracted Angle, always exceeding the Angle 
of Kefr, action. ' . Wy 
For in this thinner Medium the Angle of Re- 
fraction is always part of the refracted Angle, and 
therefore leſs than the whole. 

6. In Refraction, the Viſible is not ſern, but only the 
Image of it : Nor always Genuine, but ſonictimes very 
confuſed, 5 
For what's ſaid before concerning Reflections, 


that alſo happens in Refractions. 5 


7. A Refracted Image is ſeen in the meeting of the 
Perpendicular of Incidence, and of the Ray of Refracti- 
en continued, Fig. 218. Aaa Le: 
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Let the Vilible be 4j falling froma thicker Me- 
dium er la, on a Thinner. Sperficicber, "Which in 


the Point e - paſſes not directly to i, hut isRefracted 


from the Perpenditular "of Refpabtur Vel, and is 
made the refracted Ray ei which being continued 
even tõ h, to wit, to the Perpendiculat of Incidence 
ac di it news there the Image of it ſelf 4, in b, 
without its place, in the meeting of the Perpendi- 
cular of Incidence and of Refraction continued. 

8. Sonrewbat may be ſeen by ſracted or broken ds 
which cannot be diſcern d by direct. 

So the Viſible a if it ſhould exiſt in the ſame mean 
with the Eye, and no refraction Inter vene, it can- 
not be difcerned directly on the Left-ſide, unleſs 
from the Point i; But becauſe the Viſible a, is in a 
thicker Medium, and the Eye being ſuppoſed to 
conſiſt in a thinner, it ma ay alſo be ſeen from I, not 
indeed the viſible it ſelf a, but its Image b, Re- 
fracted in a thicker Medium. 

Hg. 219. An Experiment of this we have in Mo- 
ney caſt into clear Water: For if you depart from 
it, eyen until you cannot ſee the Money in the bot- 
tom of the empty Veſſel being placed of an indif- 
ferent height, by reaſon of the ſides of the & eſſel 
lying between it and your Sight; Then that Veſſel 
— filled up with clear Water, ſuddenly the I- 

mage of the Money will appear again, and inſinu- 
ate it felf to your Sight, without its true Place, 
and greater than it is in it ſelf. 

Fig. 167. So by reaſon of Vapours aſcending from 
the Earth (which the Air next to us renders a lit- 
tle-thicker and leſs Diaphanous than is the upper 
Portion of it) the Sun and all the Stars nigh the 
Horizon appear to us not directly but refracted : 
And therefore are always beheld more Elevated than 
indeed they are, and are beheld often times above 
The Horizon.when as yet they lie hid * it: 

rom 
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From which cauſe alſo the Hollanders Wintering in 
Nova Zembla, when they have wanted the preſence 


of the Sun ſome Months, yet 14 Days before the 


ex and juſt time of Apparition, they have 
beheld the Image ot the Sun intirely, viz. when 
as yet he lay hid beneath the Horizon according to 
Aſtronomical Calculation five Degrees and more. 

Alſo beſides from this the manner of the Suns 
ſooner riſing, and of the greater form of the Sun, as 
ifgreat plenty of Vapors, preſnppoling that Day to 
be reſolved into Rain, the Vulgar fort are wont to 
predict ſhowers of Rain, this Prognoſtication ſel- 
dom failing, being confirmed by uſe. 

9. 1. When the thing ſeen and the Eye conſiſt in the 
ſame Medium, the apparent place fals in with the true. 
2. But when the thing ſeen conſiſts in a more thick Me- 
dium, but the Sight in a thinner, the apparent Place is 
always nearer to the S.glit than the true: Then becauſe 
thoſe things which are bcheld from a nearer place, ſeem 


greater becauſe they are comprehended under a greater 


Angle : But thoſe things ſcen from a more remote place, 
becauſe the Angle of 2 jon is leſs, appear leſs ;, it comes 
to paſs alſo, that theſe things which arc ſeen from athin- 
ner in a thicker Medium, ſeem greater: But theſethings 
that are beheld from a thicker Medium in a thinner, ap- 
pear leſs. 

For this reaſon, Stars ſeem from a troubled and 
more thick Air, in a more thin and ſubtile Sky, ap- 
pear higher and leſs than juſt : Yet nevertheleſs by 
that former reaſon, if as atoreſaid, there be about 
the Eaſtern or Weſtern Horizon great plenty of thick 
Vapours, as is wont be; And we bchold the Sun or 
Stars Oriental or Occidental from a more pure and 
thinner Air, they will appear alſo nigher aud grea- 
ter than juſt. 

10. Right Lines or things ſeen throngh a done Ace 
dium, ſeem broke! 


ASS 2 The 


The canſe is manifeſt from what's ſaid : And may 
be infer'd by Experience; for a Staff immerſed in 
Water, that part of it which is under the Water 
ſeems more Elevated, than that which is without 
the Water ; From whence it receives the Form of 
broken or bowed. 

t. The meeting of broken Incid Rays, begets alſo 
Fire, and is kindled from Combuſtibles, | 

For the Virtue of every one is gather'd together 
and united, and made ſtronger and increas'd, that 
it may excite Fire in combuſtible Matter : If the 
convex Superhcie of a Chryſtalline optic Glaſs re- 
ceive the Rays of the Sun, they are broke in this 
thicker Medium at the Perpendicular; afterwards 
going forth from the optic Glaſs into the Air, by a 
thinner Medium they are broken again, but more 
froni the Perpendicular ; and fo being twice broken, 
they muſt needs by little and little come together 
in one Point, where being united, they kindle com- 
buſtible Matter. 


CHAP. III. 
Of the Accidents and Effects of Mixt Refraction. 


1. 3olſhed Refractives are alſo Reflexive or turned 
back, by reaſon that Refraction and Reflection 
may be mixt. 

Thus Pellucid Bodies, as Water, Glaſs, Chry- 
ſtal, have alſo often times poliſhed Superficies, and 
therefore, together in part they break in Peices 
the falling in Rays, and in part they Reflect them: 
So the Tunicles of the Eyes are refractive Bodies, 
becauſe they break the received Rays of Vilibles : 
And all under one being Reflected, in which be- 
holding the Image of any thing as it were in a Glaſs, 
it is Depainted and Reflected. | 

2. Hence the ſame viſible may be beheld with à double 
Jmage, the one ſtronger by Reflection, the other weaker 

ty election aud Refraction together. 80 
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So if the Sun Shining, there be placed upon aay 
Veſſel, a Mirror or Looking-glaſs, and Water poured 
upon it, there will be ſeen a double Image of the 
Sun, the firſt alſo the greater, which from the 
Reflexion of the Rays of the- San will come 
down to the Eye: The other which ariſes with 
the Rays alſo, paſs through the Water to the Per- 

cular of the Refracted, and there Shining a- 
gain in the Mirror, are Reflected again from the 
fame ; from whence being entered into the Air, by 
a new RefraQtion from the Perpendicular ; they. 
meet in theEye, ſhewing another Image of the Sun, 
but from that multiplied Obliquation, much wea— 
ker: Which other Image ſeems to ſome, (but amiſs,) 
to be a Star nigh the Sun. 

3. From the Doctrine of Reſraction, the cauſe 10 ta 
be ſought, m 5 Viz. thoje wirith ſee things HOY 
at Hand diſtinctly, but remote things confuſedly, [ce 
more clearly by hollom Spectacles and Preobyr.cs, Vl h 
which ſee remote things uiſt inctly, and nigh at hand d 
fufedly, ſce more clearly by Convex Claſſes or Spect ar its ;, 
and ſome indeed by thoſe that are more hollom or move 


rouvex, and others by them that are leſs, according to 


he diverſity of their Fyes ;, ſce Fig. 221. 

1. tor Presbytas, accuſtom their Eycs to fee re- 
mote things: Which if theretore they uſe convex 
Glaſſes, their Sight is changed by the Glaſs pur be- 
tween; and'tis thought as it it came from atar off: 
For let the Eye of Predyrasbe QRS, and the vi- 
ſible thing near at hand L, to which oac looks that 
cannot ſce Nigh at Hand, and uſing a convex 
Spectacle or Glaſs MN OP: Then the Rays of the 
Viſible thing L (beſides that in the Glals it ſelf be- 
ing thick, they are Refracted by degrees) going fort! 
trom the Glaſs, depart more from the Perpendicu— 
lar, and make Q, Parallel to OQ and PS: Therefore 
the Eye being accuitomed to a Parallel Wilion, be- 

| Aaa 3 holds 
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holds that thing more accuratly, becauſe he thinks 
the Rays as it were to come from afar, from IK, 
and knows not what Rays in the mean while hap- 
pen in the Heterogene Pellucid Medium between. 

2. On the contrary, the Fye of Myops is ac- 
cuſtomed to ſee things nigh at Hand, which if there- 
tore it be uſed to a concave Glaſs, remote things 
will ſeem nigh unto it, for the Points A, B, Radi- 
ate afar off, as it were by Parallel Lines AD and 
BC, which (beſides that in an hollow Glaſs they 
are a little Refracted at the Perpendicular) with- 
out the Glaſs between it and the Eye they go away 
more from the Perpendicular, and they will be 
D F and EH ; the Eye therefore becauſe it thinks 
the Image to come forth from the nearer Point C, 
thereforeit ſees remote things more diſtinctly. 

And hence alſo the cauſe appears, wherefore all 
things appear greater through convex Glaſſes, and 
leſs through hollow ones; to wit, becauſe the viſive 
Rays through theſe bow together, but through 
thoſe they part aſunder. 

4. Multangled Glaſſes invented not of neceſſity but 
for the ſake of pleaſure) ſhew ſo many Images of one 
thing, as it conſiſts of Superficies. 

For from each oblique Superficies, in which eve- 
ry viſible Radiates equally, every one makes Re- 
fractions, and fo the viſible Species or Form ſeveral 
times multiplied penetrates to the Eye. 

5. From this mixture of Reflexion and Refraction, 
many cauſes may be given of Meteors, to wit, of Solar 
and Lunar Rainbows, of Gulfs, of two or three Sun: ap- 
pearing at once, of Circles about the Sun, Moon or 
Stars; of. Colours, of Clouds and of Twilights. 

I. Concerning the Rainbow. 

We have a noble Example, as well of Reflexion 
as of Refraction of Rays of Solar Light, in the 
Rainbom that moſt fair heayenly Arch, wink Goo 
; | | at 
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hath 35a Symbol of his gracę againſt ourEycy, 


-a. molt pleaſant Spectacle, to know the cauſeot which, 


and the manner of its Generatiqngs worthour while. 

1. Tbe material. Cauſe in which *tis Generated, is 
Clorids, not thb nor continued; bat like as f imeltgng. 
dewy Vapor, and looſed into mrer cble. mot ſacl. 
drops; beyond mbich is ſoing\Vmbt age or Shadyneſs, rug 
ying the x09 2 of; Lead ir Quickeſityer on the bac i- ſide 
off Looking-glaſſts, to mit, That the Images Ay Appear: 
1 more exp“ § e 

2. The Hſfaſem ns av 72 Solar Rays, ſpread by 
pre At te aba roppoſit dewy Clou dl. 1 
t fermal Canſe is as mti the manifold; Refeaction 
Gabe Solar d that dewy Cloud. a the Re fle ion to 
the Eyes of Spot cor. 9 p15 1b 
For a Nahm is not Generated, bus* of 1 
tranſparent and diaphanous. Mazter, (ſuch is that 
multitude of mat Draps) placed over aguaſt the 
Sun, which indegth receives the Rays but yet hin- 
ders them to) Peattrate ſtraight: on: Whence tis 
neceſſary, finſt that the Refractiba pf Rays be made, 
becauſe the Laght.is carried through athinner mean: 
And the Reflexion alſo is made together, becauſe 
carried into a thicker Medium or Mean. 

And this Reflexion is made from infinite conti- 
guous little drops of dewy Clouds, which although 
they are infinite, yet becauſe they, Co- here contigu- 

ouſly, neither haue they ſenſchie Seperation from one 
another, therefore. they are eſteemed as it were tor 
one continned Glas. 4 4 Mi 22 

Nor alſo not only once, but ſever al times in ack 
al the Ray falling ſirſt into the ſmall Drops is Re- 
fracted and Reflected, from which it goes out and 
extends to the Sight; And fo not only from the 
Collection and Aggregation of tracted Rays, plenty 
of Light is increaſed in the deep Superficie of the 
Mapor, that it may be extended more ſtrongly to 
the Sight; But alſo the Reflexion it ſelf increaſes 
Aaa 4 and 
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and ſtrains it, therefore, hecauſe frond Reflexion, the 
Ray is made of more efficacy and force than it was 
before: See Fig. aaa. 1 

For in this Figure, let the little round: Drops of 
Water be ABCDEFGH, becauſe Water or a ho- 

mogene Body, is Imbodied into the Figure of its 
Element; let ſome Ray fall on LH, it being Re- 
flected from two Places, it will return to the Eye M, 
to wit, from the convex Super ficie N unrefracted; 
and from the hollow Superficie of the little Drops, 
vet firſt ſomething changed, and in the ambit of the 
ſmall Drops ſeveral times reflected, to wit, from H 
ja E, from thence to the like Angles in B, \after- 
wardsin G, hence into D; from D into A, ae 
into E, again into C; from C at laſt through B, 
brought to the Sight M, by a repeated Reflection 
eight times Circlewiſe. 

The Caſe is the fame of: the Ray K A, which go- 

ing forth from G into the Eye M, - agrees with the 
former, and is accounted altogetheri parallel to it, 
by reaſon of the littleneſ of the ſina Draps, and 
the unproportionateCiſtance of the E ex. 
4. The Figure of 'a Rainbow is Circular. 

Indeed the whole Superficies of thedewy Vapor 
being expos'd to the Sun, is Irradiated or N 
becavſe from every Point in which the direct Rays of 
the Sun fall, Reflexion is made; yet from irradiated 
Vapor than no more is beheld, than the Form of an 
Arch: For the Eye percieves not the Form of any 
thing, unleſs it conſiſts in the Point of the Axis of 
IUumination, to which the Rays falling into the 
Vapours at equal Angles, are Reflected: By which 
Reflection, according to equal Angles they Form a 
Pyramid ot Reflexion, the Baſe of which is circum- 
ſcribed by an Arch; and only exhibits the Form of 
an Arch to the Eye, which is called a Ra:zbow :'In 
which always two Prramids are Sr * 


Chap. I. f DIOPTRICS, Ke. 729 


of Illumination, the other of Reflexion and Viſion: 
the Pyramid of Iluminim ion hath its Vertex in the 
Center of the Luminous Body of the Sun: From 
which the Rays go forth, to the Superficie of the 
Cloud, ſome of which fall in obliquely, but one 
Perpendicularly at right Angles, which is the Axis 
of the Pyramid of Illumination, to a certain Point of 
which,the Rays falling in obliqu ely,at equal Angles, 
are Reflected, and conſtitute 'the Pyramid of Re- 
flexion, whoſe Baſe alſo, is in the Superſicie of the 
Cloud, but the Vertex is in the Eye, and the Axis 
common to both, © 

Therefore, for nd as tis demanſtrated by Ma- 
thematicians, and approved alſo by Senſe, if from 
one Point, into divers Parts, right Lines arc drawn 
forth, the Line which Joins the extreams of theſe; 
is the Periphery of a Circle, alſo the Points of Re- 
flecuon, joining the Line in the Superkicic of the 


Cloud, nwſt needs be a Circle. 


From whence. alſo follows, that which 7 telling, 
Demonſtrates at Propoſition 64. of his 10th Book, many 
ways,” that neceſſarily the Eye is in one right Line, 
between the Center of the Sun, and the Center of the 
Rainbow; ſo that the Center of three Bodies, to 
wit, of Light, of Vapor, and of Sight, conſiſt in 
one right Line. 

And that xe ſee not A whole Circle formed, that 
pens not from a Fault of the Rainbow, but of 
the Eye, and the Impediments © objects, which 
hide the deſired part of the Circumference of the 

Rainbow from us. 
Indeed from the Sun occupying or beginning to 
approach the Horizon, we fee Preciſely a Semicir- 
cle Rainbow, far chen the greateſt height of jc 
(which from the. Hypotheſis is is the Semidiameter) 
is obſerved to be 45*?, which conſtitutes half a right 
Angle, by which all the Rays are equally Reflected 
to 
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to the Eye: And by how much the Sun is Elevated 
above the Horizon, ſo much the Center of the Rain- 
bow is depreſſed beneath the Horizon, ſo that by 
the Sun, 0 natural Rainbow can be diſcerned high- 
er than 45: But if the Eye could be Elevated above 
the Senſible Horizon in ſome Mountain, ſo far off, 
that he may look 45 downwards into a. valley 
where are Clouds full of Dew, then he would be- 
hold not a mangled, but the whole and intire Rain- 
bow of a perfect Circle, that which alſo appears 
to be true to the Eye in Artificial Rainbows; to 
wit, if ina dark Chamber, in which nevertheleſs 
through the Window by ſome opening, the Rays of 
the Sun may enter, then plenty of fair Water being 
drawn into ones Month and thrown out Drop by 
Drop into the contrary coaſt of the Sun, for ſo you 
will ſee ſome Image of a Rainbow, not arched or 
mangled only, fuch as Nature is wont to ſhew to 
us, but intirely round, or only that part of it man- 
gled or cut off, which paſſes through the Shadow 


of thy Body. 
5. And a Rainbow 3 15 multiplied according to the mu. 


titude of E 

For if "ace a Rifinbow appearing, ſeveral thou- 
ſands of. Men ſhould be Spectators, yet they would 
every one behold one, and every one peculiar; evenas 
alſo happens in alt Glaſſes, that ing them from 
a divers Place, they diſcern the Image ſited in a di- 
vers manner; or even as one Word according to 
the multitude ef the Heaveus is multiplied with- 
out diminiſhing it : That which any one may 
from, what we have ſaid, that the Center of the 
Sun, . af the Rainbow and of the Eye conſiſt in one 
right Line; therefore how many Eyes, ſo many 
Lines, ſo many divers Rainbows ; ; yet with this 
difference. 


1. Of the Spectators, according to the aan 
y 
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only of differences, right on from the Vapor to- 
wards the Sun, - thoſe which are farther diſtant 
from the Vapor, acquire a greater Baſe, a greater 
Angle at the Sight, longer Rays, the meeting of 
the reflected Rays further removed from the Rain- 
bow: Wherefore. alſo they ſee a greater Rainbow; 
But thoſe which come near to the Vapor, ſee a leſs, 
by reaſon of the contraries of theſe. * 
2. Thoſe which differ according to Breadth only, 
and bend to the ſlide; indeed they keep the equality 
of Rays, of Angles, of Baſes, and of ia : 
but they acquire divers Axes, divers Centers, and in 
like manner they are beheld divers in divers Places, 
3. Thoſe which differ as well in Length as in 
Breadth, haveall things divers: Therefore neccſſa- 
rily, they behold a divers Rainbow, and of uncqual 
quantity. 1 n | 
. The chief Colours of a Rainbow are ſoun; Toe 
exrream or aut - mot is Red, next to this in the mudayly 
Yellow, Green ſuccecdt, aſterwards follows Purpic 
Coloured, which at laſt is finiſhed-in Blew or Azure. 
Ihe Cauſe of this diverſity is the diſorder of the 
Vapors ; for the Light now diſtilling iato the Va- 
pors, being reiracted into Drops, is Painted with 
unlike Colours: For the Shadows from theſe unlike 
Drops of ſcatter'd” and intermixt Light being ag- 
gregated and refracted, expreſs unlike Colours, 
which the reflected Ray brings together with it ſelf 
to our Sight. pn bes Py 
7. Next after the Principal Rundum, ſometimes al- 
ſo another of the ſecond ſort is ſeen. 
This being the Eighth part of a rect Angle (that 
is 11: 15/,} is higher; encompaſſing the Principal 
or Prime one, the Semidiameter of which therefore 
is made 580: 15 (which you meaſure from the Sun 
Riſing or Setting) and is to the Semidiameter of 
the firſt or principal. Rainbow which is 45 as 5 to 


43 
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4: Therefore when the Sun is not higher than fo 
many Degrees, then two Rainbows * be ſeen i in 
a dewy Cloud. 

And at all times, the Semidiameter of any Rain- 
bow may be found in this manner: Take the Alti- 
tude, as well of the Rainbow as of the Sun, by 
ſome fit Inſtrument, join the Arches, of both the 
Altitudes, the Sine of which joined - Arches is the 
Semidiameter of the Rainbow ; whence, from the 
Altitude of the Rainbow, the Altitude of the Sun 
alſo may be known; v. if you take away the Al- 
titnde of the ſecond Bow, from 56* : 15/, it leaves 


the Altitude of the Sun. | 
There are ſome who think, that the ſecond Rain- 


bow is begat from the Reflexion of the firſt, from 
this Argument, that the Colours of it are beheld 
in an inverted Order : But they are deceived; for 
if it ſhould be the Image of the firſt, not only the 
order of the Colours would be beheld inverted, 

but they would be alſo turned back from one ano- 
ther horned, as is ſeen in the 222 Figure or Scheam : 


E -- Moreover it may happen, that the firſt being abſent 


to wit, when the Sun is hgher than 45 and yet lower 

han 6 5*) a ſecond may be ſeed; the Image, with- 
out that which makes it, the Type without the An- 
titype, or a Copy without the Original; which ne- 
vertheleſs frequently happens in Summer-time : 
From whence *tis concluded that the ſecond fort of 
Rainbow, is alſo Immediately generated from the 
Sun, no otherwiſe than the Principal one. . 

8. Concerning the time in which Rainbows are gene- 
rated of the Sun, the following things are to be noted. 

1. In Winter more frequently, Rainbows may 
be generated at any Hour: The cauſe is, becauſe 
the Altitude of the Sun is lefs, and therefore the 
Solar Rays are alſo leſs in rectitude, and leſs in 


ſtrength, than that they can conſume and _ 
e 
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the Vapors : Therefore in that time, is more of Va- 
which are conſumed by the Heat of Summer. 
2. In the Summer about Sun Riſing or Setting, 
Rainbows are made, but not at Noon time. | 
For from the Suns Rifing and Setting, Vapors 
are not ſo eaſily diſſipated, as at Noon-time or when 
the Sun is in the Meridian; by reaſon there then 
happens a greater rectitude and ſtrength of Rays : 
Moreover, too much Meridian Altitude of the Sun 
hiaders the generation of a Rainbow, for as much 
as the place of its Generation is forced down be- 
neath the Horizon. | 
And concerning this, from the Altitude of the 
Sun, we mult note a Rule of Vitellonius, which he 
explains at Prop. 79 of the 10. Book, when the Arch of 
the Suns Altitude is greater than the Semidiameter 
of the Rainbow, (which bow it is found is ſaid a lit- 
tle before) a Rainbow is not generated : But by 
how much that Sine is leſs than the Semidiameter of 
the Rainbow, by ſo much the more will appear of 
the Rainbow. 


A , Concerning the place of the Rainbow, the Rules cre 
theſe, | 
1. From the Sun being pofited about the Eaſt, 
the Rainbow is ſeen about the Weſt, and Inter- 

changably. 

2. -From the Sun being near. the Meridian, 
the Rainbow will be ſeen on the North Part : And 
ſince the Sun from the Site of our Sphere never de- 
clines to the North, we never ſce a Rainbow to- 
wards the South, unleſs che Solar Rays fall on Solid 
watery Clouds, and polited ovcragainſt the Sun, 
and reflected from theſe into a dewy Cloud, and 
placed at the fide of the Sun, and laſtly, from hence 
reverberated or beaten back to the Sight. 

to. Many Rainbows may ve Generated at once, in 4 
twofold MAHRNCY. 


1. When 
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1. When one encompaſſes and includes another, 
ſo that they have as it were one Axis, and one Cen- 
ter, and of Colours either the ſame, or ſited con- 
trary in the reaſon of Order. | 

2. When one includes not another, but they have 
divers Axes and divers Centers, which may be ſup- 
poſed to be done, when the Rays of the Sun fall 
ſtrongly, on one or more watery and ſolid Clouds; 
and from hence are reverberated to one or more 
Superficies of dewy Vapors, and from theſe dewy 
Vapors reflected to the Sight : But when, as hap- 
pens not altogether many Arches of the Rainbow 
are beheld wonderfully full of turnings, the cauſe of 
of which cannot be given, tis rather referr'd to 
ſtrange things and wonders, than among natural 
things. | 

ix In the Rainbow alſo we may take notice, that if 


you fly away, it follows you, if you approach towaras it, 


it meets you, and if = one proceed to one ſide, it alſo 
ſeems to move to the ſide : 

The reaſon of this appearance is this : *Tis ma- 
nifeſt, that a Rainbow always appears the greater 
to him that goes away from it: Therefore by a con- 
tinued augmentation of this ſame ſort of depart- 
ing from the Rainbow, it ſeems to follow, but com- 
ing to a Rainbow tis leſſen'd and decreas'd: From 
whence, to go away or depart, is alſo eſteemed as 
it were to fly away : Which acceſs and receſs from 
hence appears, that greater things are better ſeen, 
and therefore nearer than leſs: And contrarily, that 
leſs things affect the Sight lefs and more weakly, 
and are thonght to be further diſtant : And if any 
one decline to a fide, with him the Axis of the 
Pyramid will be changed to the ſame fide ; the Point 
of the Superficie of the Luminous Body, or the 
vertex of the Pyramid of Illumination, the Circle 
of Altitude, and the Aggregate of Rays, or the 


Vertex 


1 8 _— 8 
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Vertex of the Pyramid of Reflexion are all changed 
with him; 'Wherefore alſo the Rainbow is dicern'd 
to move to the ſide.” | 
12. Laſtly, Lunar Rainbows are e ſeen, but ſeldom. 
For to the Generation of theſe, three things are re- 
2 1. A fit Vapor; 2. The Moon at full or near 
Il Moon; 3. The ſame Riſing or Setting, being over- 
whelm'd by the Rays of the Sun beneath t the Horizon. 
And ſince theſe things ſeldom meet rogether, tis 
manifeſt that Lunar Rainbows are very ſeldom ſeen; 
yet oftner in Northern parts than in Southern, in 
which the Matter of the Rainbow is conſumed from 
. the Heat of the Sun. 
| II. Eoneerning other Meteors of the Air hen 
optic Cauſes. 
1. Gulfs, appear when a thick Cloud burſts aſun- 
der into more thin Parts; nigh to the burſting it 
exhibits a Lucid COT, that the Heaven ſeems as 
from a Fire to open wide 
2. Two or three Suns appearing at ante, or two or three 
Moons, when thicker Clouds are poſited to the ſide 
of the Sun or of the Moon; like the Images of them 
in a Glaſs they are reflected to our Sight : Men 
more Suns or Moons appear. 

3. But Circles aboxt the Sun, Moon, or Stare, ap- 
pear, when the cloud under the Sun or the Moon 
is very thin, which the Star Illuſtrates by its Rays 
round about: For then they ſnew the Circles of 
theſe kind of refracted Rays, every where at equal 
Angles; and the Circular Refraction is made every 
where at halt a richt Angle, ſo that the Diameter 
of the Circle is 45 

4. The Colours of Clouds, are begat from the min- 
gling together of Lucid Rays of the Sun with the 
obſcure thickneſs of the Cloud. 

For becanſe Clouds are unequal in themſelves, as well 


by reaſon of thickneſs and thinneſs, as alſo by reaſon of 


ter 
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their Site to the Celeſtial Lucid Bodiet ;, therefore from 
hence depends all the variety of Colours And the more 
Light falls into it, the brighter the Cloud it; by how 
much the leſs of Light, tis ſo much the blacker : Ter for 
the moſt part theſe Colours are ill-favoured. 5 

5. Of Tmylights, by John Kepler in his Epitome of N enc 
Aſtronomy. g 1 

1. The Cauſes are many : Firſt the ' Efficient cauſe, ¶ chi 
which incites all the reſt, is the Sun it ſelf; not- Mthi 
withſtanding that it is converſant under the Earth, I no 
neither carries our Eyes, either by a direct or a the 
refracted Ray. | e 

2. Another Cauſe, is the celeſtial golden Sky. com- Wand 
paſſed about near to the Sun, at the Amplitude of PO 
{me Degrees, Shining by reaſon of the Suns near- Mſuc 
neſs, ſometimes more, other times leſs, which time ¶ po 
is ſomewhat imployed in ariſing, until the Sun it Wand 
ſelf at laſt is riſen. | of! 

3. Athird Cauſe, is of Smoak, and of dry Exha- len 
lations, excited from the Heat of the Sun by Day, Wſelf 
or from Harmonical Radiations of the Stars; and ene 
ſtretched out by Heat and by its thinneſs, upon the 
Sufferficie of the Air; which when they are higher 
from us, are ſooner Illuminated from the Sun, and 
from the cover'd brightneſs of the Sun, than when 
lower, and ſo being Elevated above our Horizon, 
like lighted Lamps, they impart the Light receiv'd 
from the Sun to us. | 

4. A fourth Cauſe, is the Air it ſelf, caus'd two 
ways: For Air, makes bright and clear, the direct 
Rays of the Sun, and revibrates them, as being a 
thicker Sky; or is inſtead of a Glaſs to the ſolar 
Rays, and Reflects them. * 

But laſtly, to conclude, we were willing to delincate I ,ze; 
theſe few things, in which are the moſt pleaſant, N r 
and moſt uſetul things chiefly neceſſary to all Phi- 2. 
loſophy ; the optic Science is Collected from Wri- / 


ters 
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ters of the beſt Note, which by reaſon of its great 
Amplitude, we judge no mortal Man is able to de- 
liver it fully and perfectly: Vet he that underſtands 
theſe Rudiments and Principles of it, will not be 
altogether Ignorant of the Optics ; but will have 
enough of help to underſtand the more accurate 
Writings of the Optics, in which he will find 
chiefly, the moſt natural Cauſes of many admirable 
things, which with the Vulgar are accounted: for 
monſtrous ſtrange things, or jugling Tricks, which 
they believe can never be orm'd without the 
help of Demons : But let them the more admire 
and celebrate:the Wiſdom, the Goodneſs, and the 
Power of God himſelf, which hath not reſerv'd 
ſuch abſtrufe and hidden things, only in his own 
Power, but hath: made out alfo the Nature of them, 
and left the ſearching out of the moſt ſecret things 
of Nature, to Man: To the moſt wiſe, moſt Excel- 
lent, moſt great Author of Nature; To God him- 
ſelf, be Praiſe, Honour and Glory, World without 
end, Amen. [3-34 


8 : | 
The End of OPTICS, 
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O ratics, is 4 Science which artificially explains the 

way of finding out the weight of Bodies by Inſtru- 

ments. ll. Which Science that it may be Method ical, 


Te ought to deliver : 1. The Definitions and Theorems : 
2. The Structure of the Inſtruments : 3. The Practice 


it elf. | 
N B b b PART 
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CHAF-L 
DEFINITIONII. 

Odies of the ſame,or of equal Weight or Gravity, are 
| thoſe things, which in the ſame mean tend downwards 
by an equal Endeavor, Impediments being taken away. 
All thoſe are called heavy Bodies which are boarn 
.downwards of themſelves, and by their own Na- 
ture, this is known by natural Philoſophy and Senſe 
almoſt common to all Men; yet they are in great 
difference; neither as in bulk, ſo alſo in Weight 
are they always alike: For a ſmall Maſs or bulk of 
Lead, weighs down a great Sack of Wool or of Fea- 
thers: Yea thoſe things which are of the ſame 
kind or Species, they do not always make equal the 
Mole to Weight, for how much diverſity of Gra- 
vity or Weight is there, either of the Watery Ele- 
ment alone ? Obſerve, as the Figure is changed, the 
Weight together is changed: A Bullet of Lead 
readily deſcends in Water ; but the ſame being ham- 
mer'd into a thin Plate like a Leaf, ſinks not ſo much: 
That therefore, if the exquiſite equality of Weight 
be required, The Species alſo and the Figure, and 

all other things ought to be alike. 

II. A Body of known or of given Weight, is either of 
Gravity, the heavineſs of which is expreſſed by a certain 
Number : Or to the Knowledge of which, ſome propor- 
tion of Weight is to be known to ws, 

For neither do we know ſorely a Body to be (for 
Example) of one Pound, unleſs either it be mark'd 
that we can believe it; or of which we have the 
Proportion to another known Weight, certainly 
known to us. 1 RIES 

HI. The Center of Gravity, is a Point in any Roa, 
ſited within or without, about which, the parts on ever) 
fide cunſiſt of equal Moments,  There- 
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Therefore if by Diviſion through ſucli Center, 
by paſſing through right forward, howſoever a Bo- 
dy be cut, it will always be cut into two Parts of 
equal Wetght. | 

IV. Thoſe Bodies are Equilibral,or Weigh equal, which 
being hung at each end of a Ballance, conſtitute the 
Jame Parallel to the Horizon, whether they are of equal 
Weight or not. f 

V. A Weight is ſaid ta be rai#d, it being hung on the 
weighing Inſtrument or Ballance, whatſoever is the cnuſe 
of elevating or raiſing the Weight on high, whether it be 


4 ponderous Body, or ſome impetus; tis alſo cal d, Power, 
in Mechanicks. 


VI. A Leaver from the conſideration of its reaſon, 

is any length, which leaning on ſome Prop, on one Point 
of it is applied an heavy thing to be moved, and on the 
other, it bath a moving Power applied to it. 
Wherefore ina Leaver, three Points are moſt 
notable in the uſe of it; to wit, the Point of the 
Prop, the Point of the Weight, and the Point of the 
Power; from the various Combination of which, 
ariſe three kinds of Leavers: No Man will think 
we go beyond the Scope of Starics, when we ſpeak 
concerning the Leaver, for they are akin ; and Me- 
chanicks and Statics lean upon almoſt the ſame Foun- 
dations; and a Ballance, when the Scalcs are of 
unequal Arms, is the ſame as a Leaver, in which, 
the Axis paſſing through the Center, is the Prop; 
and from the reaſon of this flows the demonſtrati- 
on of that; whence if ſometimes we rouch upoa 
Mechanics, it makes the Static Arti fice more clear. 


— 


CHAP. Il. 
THEOREM I. 


. F Circles, of Spheres and of Rectangles; the Cen- 
ter of Gravity is in the common Section of the two 


'Diameters, Bbb 2 In 
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II. In all Equilateral F. gures which may be inſcrib'd 
in a Circle, the Center of Gravity is the ſame with the 
Center of the Circle, in which they are inſcriÞd. 

Yet, by ſuppoling theſe heavy things, to have e- 
very where equal thickneſs, and to conſiſt of Mat- 
ter of equal Weight in all their Parts. 

III. %a Trigons,or Triangles,the Center of Gravity 
is in the common Section of the three Lines, each of 
which, coming to each ſide from the oppoſit Angles, di- 
vide them equally, 

For *tis neceſſary, that theſe ſhould meet in one 
aad the fame Point, by a mutual Section. 

Fig. 223. For the Sides AB and AC being divi- 
ded in the middle in D and E; and CD, BE, being 
drawn, and through the common Section AGH; 
and DE, viz. Parallel to the third Side; the Tri- 
angles BE Cand CD will be equal, and the Baſis BC 
the ſame; therefore BCG the common, being taken 
away, CE G will be equal to DBG, to which, ſee- 
ing AGE and AGD are equal, inaſmuch as they 
are on equal Baſes and between Parallels; AGE, 
and A GD, will alſo be equal between themſelves : 
And ſince they are upon the ſame Line AG, they 
will be of equal Altitude; which is alſo the Alti- 
tude of the Triangles F GD, and FGE, which con- 
ſiſt on the ſame Baſe FG; and therefore they are 
equal between themſelves : But becluſe BC is Pa- 
rallel to DE; DG E and BG C will be Equiangled, 
and the Proportion of BG to GE, as of CG to GD; 
from the ſame alſo, BG H and GEF are alike, and 
alſo CGH and DGF: Wherefore the Proportion 
of the Triangle BGH to EFG, is as BG to GE, 
that is double; and CGH to DFG, as CG to GD, 
which is double: And CG is to G D as BG to GE, 
wherefore BG H is to EFG, as HCG to DFG: 
Therefore when DFG and EEG are equal, alſo 


BG H and CGH will be equal: And ſince they are 


between 
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bet een Parallels, the Baſes alſo BH, H C will be 
equal : Therefore all the Triangles ABH, ACH, 
CDB, CDA, BEC, BEA, will be the middle 
of the Triangle ABC; which therefore being 
hung from the Point G, or from the Center of 
Gravity,may be changed into many Parts. 

IV. The Center of Gravity in Conoid Proport.ons, 
divides the Axis of the right Angle ſo, that the part 
which terminates at the Vertex, is double of the other 
part which ends in the Baſe. 

V. Equal Weights, being hung equally on both Arms 
of the weighing Inſtrument, are in Equllibrio; but une- 
qual Wei * o hang, do not Equi tonderate, but the hea- 


dier outweighs: On the contrary, equal Weights hung 


at an unequal diſtance, do not Weigh equally, but that 


outweighs, which is hung at a greater diſtance. 

VI. Truly the Reaſon of the Leaver is wonderful, and 
the Cauſe hid, why, the Power, the farther tis diſtant 
from the Prop, the Leaver is the more efficacious and 
moves the eaſier. 

Ariſtotle thinks the cauſe of this to be, that the 
greater Radins, or more diſtant from the Center, 
deſcribes alſo a greater Circle or a greater Arch of 
a Circle : And becauſe in the ſame time, as well the 
Weight nighgghe Prop, as the Power remote from 
the ſame, paſMhroug}, indeed like Arctkes of Ci: - 
cles, but unequal, the Motion of the Power is ſwitter 
than the Motion of the Weight, and therefore ovcr- 
comes it. » 

This Opinion of A-riſtorle is variouſly cxplain'd 
and refuted by Artiſicers; but al] theſe things do not 
bring the reaſon of this compendium exactly to be 
diſcerned : Yet I think it is certain that we may 1e- 
quire alſo the Phyſic cauſes to his Demonſtration ot 
this Mathematick Phyſick : The Principal force 
is of the Power of the firſt movent; which Ma- 
chines and Inſtruments, nevertheleſs according, to 

E b b 3 this 


5% — 
this artificial Application of it to them, may very 


much help, yet ſo far, as alſo the Power of the Mo- 


ver, and the matter of the Inſtruments permits, and 
is able to do good: So in the Leaver, the further 
the moving Power is from the Prop or Hypo- 
mochlion, as in the Point of reſt, and of hinder- 
ing or ſtopping; this is of more Force, as leſs 
hindred, and ſo moves by a greater proportion of 
Operation ; and indeed, the more the back of the 
Prop is ſharpned into a Line, and Hke a Priſme 
leaves the breadth, this Motors action ſucceeds more 
happily, for the back of the Prop being broad, re- 
ſits the Power from many Points; (when the diſ- 
tance from the Prop is referr'd as to a. Point) a 
Weight by the like reaſon, the further tis diſtant 
from the ſaid Point of Hinderance, this more in- 
creaſes the natural bending of it downwards, con- 
trary to the Power of the Mover: But inſtantly 
lifting up the Prop, it raiſes up the neighbouring 


Weight more aptly,when the Power reaches out the 


helping Hand ; yet the breadth of the Prop doth 
not ſo much hinder the railiag the Weight, as it 


doth hinder the Power, the Action of which draws 


almoſt every Line. | 

VII. By Pullies, Skrews, Wheels 4a gs 1% the 
proportion of the Power does partly increaſe, and in part 
15 more intimately and conveniently applied to moving; 
:s partly multiplied, ang by that means it is divided into 
ſeveral Principles of moving, ſo as more Hands, Leavers 
and Props may be applied: And the Weight be more e- 
quially d. vided among many, 

VIII. A Beam :5 ſome kind of Leaver, the proper In- 
ſtrument of Statics, and therefore to be conſider d ac- 
curately be:e, the whole Reaſon of which depends on the 
three /ollowing Theorems; the fir of which is Archi- 
medes, and tis thus, | 


A 
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- The Proportion of Weights that are Equilibral,. 15 as 
that of their diſt ances from the Cock of the Ballance. 


This Theorem ſucceeds, if the Rule of the Bal- 


lance or Beam be ſuppoſed altogether of no Weight, 
as if it ſnould be ot moſt light Wood, * ſome 
matter of No, or ſcarce ſenſible Gravity: 
For Example, a Weight D being hung in C, 
makes an 2 with a Weight G, being hung 
in F: And the proportion of the Arms FB to BC 
is fourfold or Quadruple : I ſay on the contrary the 
Weight D is Quadruple of the Weight G; this is 
truly the Golden Rule which Ar:ftorle renders in 
his Afechanieks. *'- 
IX. But becauſe the Beam or Rod of the Bal- 
lance for the moſt part is Weighty, being made of 


folid Wood, yea of Iron or Braſs; the Ratio alſo 


that is to be had of this, is as this following The- 
orem explains: When the Burden or Weight ſhall be 
ny only to thFextream or end of the ſhorter Arm, and 
the Beam or Rod is ponderous, being equal in Magnitude 
andWeight, and the Ballance being jo diſpo# d will con- 
n in Equilibrio ;, the Proportigg of the Weight hung, 
will be to the Weight of the whel Fram, as the dijference 
of Parts, or of the Arms of the Rule or Beam, tothe 
double of the Weight of the leſſer Arm: 
Example, The Weight D, hung in C, makes an 
Equilibrium with the Rod or Beam BL, without 
any other Weight, and fo both Arms of the Bal- 
lance BL and B C, conſiſt or ſtagd Parallel to the Ho- 
rizon: And make BK equal to the leſs Arm BC, 
Bbb 4 which 


which being taken away from the greater Arm BL, 
there is left K L, the difference, of the ſame : I ſay 
then, that the proportion of the Weight at D, ta 
the Weight of the Beam CL, is as of the Weight 
of LK, to the Weight of KC: From whence flows 
an elegant Conſectary; from the known Weight of 
the whole Beam, and of one of the Arms of it, 
To find the Gravity of a Weight ta he hung that 
ſhall make the Ballance ſtand in 
we multiply K L; which for Exampleletbeiqo,into it 
ſelf,” it makes 1600, which Number we divide by: 
the Wamht of CK, which let be 16, and it produces 
100, MN whichadd the former Number KL 40, and 
it produces 140, the Weight at D ſought. 
X. If the Beam be ſuppoſed without Weight, and 
from the part, which is the difference of the Arms fromthe 
hollow or hole, wherein the Beam of the Ballance turns, 
from equal ' Weight extended throngh; that whole Rod, 
that will have equal Gravity with it ſelf, heing hung in 
a Point diſtant from the Center of the Ballance, by the 
balf of the whole h... 
This Theorem flows from the two Antecedent 
ones, the Senſe of which is this; let the Beam CL 
be of no Weight, and CB equal to BK, and fome 
Weight equally co- extended on the Rod, that un- 
der the form of a Square it makes afl Equilibrium 
with D hung in C, and to the co- extended Weight 
equal to G, hung from M, the Term of the Rod 
BM, which is the ziddle part of the whole CL ; 


I ay the Weight G, Will here alſo make the Ballance 


in Equilibrio, as the co-extended of the whole K L: 
Let it be therefore, that in M, it will make Equilibi- 
brium with D, then it will be by Theorem the 8, 
that MB will be to BC, as D to G: Alſo becauſe it 
makes D in Equilibrium with G, with the co- ex- 
tended KL; if therefore the whole alſo CK, ſhall 
be equally heavy, it will ſtill make Equilibrium fr 
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nn B Cand BK are eqral, and fo the 


N the Weight Dto theWeightK Lwill be, 
as of the Weight LC to the W eight CK, by exchang- 
ing the proportion at Theorem 9: Therefore as of 
the length LC to CK, becauſe the Weight is equal- 
ly diſtributed : But àas the Weight D, to the Weight 
LK, ſo D to G, becauſe by the Hypotheſis G and 
LK re equal ; as therefore LC to CK, ſo MB to 
BC; wherefore by changing, as CK to CB; ſo 
LC to MB; but CB is the half of CK, therefore 
BM is the half of LC, which was to be Demon- 
ſtrated. But becauſe C is the half of CK, and 
BM the half of CL, it follows, that MK is the half 
of KL; and ſo the whole Rod K L, only Burdens 
or- Weighs, as if the Weight of the ſame were 
hung from the middle of it ſelf: the Conſectary of 
this Theorem is that Propoſition of Archimedes. 

Every Weight, although unequal, as for example 0 
7. 2 6 the little Rod of the Ballance, or of any this g 
co-extended, cauſes ſo much Gravity, 4s the thing fi- 
pended from the Point of the Rod, which hangs over Per- 
pendicularly in the Center of Gravity of the co-ex<- 
tended Weight, IVE 
Which Propoſition of Archimedes is general, 21. 
although the Weight extends not as far as the 
Tongue of the Ballance, but fox Example, it it 
ſhould be co- extended only through LF, neverthe- 
leſs being hung or ſuſpended in E, ſtraight from its 
Center ef Gravity, it will Equiponderate. 


PART 


BS, 
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n PART II. | 
Of the Furniture of Inflruments. 

HAF. I. 
Of Weights. 


| Weigh without Weights, is as to Write 


without Ink; therefore the Ratio of all corpo- 


real Weight and Gravity, ought to be well known firſt 


of all; but becauſe this matter is already copiouſ- 
ly explained in the ſecond Part of Practical Arithme- 
rick from Page 90 and the following, it may therefore 
be fetcht from thence. 5 | 


CH AP. II. 
Of the Ballance or Scales to Weigh with. 
b Ballance is an Inſtrument to examine the Gravi- 
of Bodies ;, ſo prepared, that if the Weight be 
knewn that is put in one Scale, and the Body to be ex- 
amined in the other, the ty of the Weight of 
both, conſtitutes the. Ballance in Equilibrio : But if one 
Scale or Baſon of the Ballance be more depreſſed than the 
ether, it argues the inequality of the 2 acc ar ding 
to Gravity. . | 5 

There are chiefly two Iaſtruments with which 

Satics uſe to Weigh the Gravity of Bodies: | 
1. The Ballance already deſcribd: 2. The 
Beam, of which the firſt is moſt ſimple and more 
uniform, and moſt fit to examine the ſmalleſt things 
of Weight; from whence, precious things are 
Weighed in Scales, rather than to produce their 
Weight by hanging them on a Beam; for a Beam 
is an [Inſtrument more various and ſcarcely deſcends 
beneath a Drachm, in examining of Gravity : Yet 
this it hath before that, that by one Weight only, 


although diverſly hung, we may Weigh — ” 
eſs 
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lefs Weights or Gravities; when in Scales, the 
Weights are always to be equally added to the things 
to be Weighed, as we ſhall hear by and by: There- 
fore the form of common Scales ought duly to con- 
fiſt of theſe parts; thus, Fig. 224. 15 
AC is called the Beam of the Scales: BC, B A the 
length of the equal Arms: B the Center; BE the little 
Tongue or Cock, the Examiner, B D the hole or hollow 
wherein the Cock turns; Fand G, the Scales or Baſons of 
equal Weight, hanging by ſmall Chords, from A and C- 
The little Tongue E, is joined unmoveably to the Beam 
or Rod at right Angles : The hollow place B D, ſuſtrin'd 
by the little Axis conveyed through the Center B, and 
through the holes of the hollow plare anſwering to the fl 
Center on both ſides, upon which little Axis the agitation J 
of the Beam of the Scales is made. | 
10. 3 ariſe 4 * _— which being ex- 
ain” aps the Nature of them may appear | 
ore | Carty b " Why the Arms although Ay ng e- | 
qually, and equiporidtrating Burdens put in each Scale, f 
1 


the Beam with the Scales being moved into Equilibrio, by 
almays Radiates at a Parallel Site to the Horizon? — | 

Fig. 225. The Moderns report the cauſe thus, | 
that unleſs the Line of Direction (which is the right 1 
Line generally paſſing through the Center of Gra- | 
vity of any Body) ſhould connect two Centers of 
Gravity and of Suſpenſion, the Beam of the Bal- 
lance cannot reſt : Cardan endeavours to Demon- 
ſtrate it thus: Let the Scales be, whoſe hollow: 
place hangs from A, the Axis paſſes through the 
Center B, abour which moves the Beam CD, with 
the Scales hung to it, and the Angles ABC and 
ABD are right Angles: Theretore the Weight 
that is hung by a thread in C, is heavier than in any 
other place of the Semicircle A CQ, (for the Beam 
being moved Circularly about the Center B) the 
Burden C, is conſtituted certainly from two Rea- 


ſons: 


* 
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ſons : The firſt is taken from what's Demonſtrated 
concerning the Leaver and Ballance, for the more 


the Weight is diſtant from the Cock or hollow 


place, this he appoints to be the heavier ; and the 
nearer it is to the ſame, the Lighter ; and the 
Weight is no where further diſtant from the Cock 
than in C, for that is the greateſt of all the Subten- 
ſes of right Lines, in the Circle which paſſes through 
the Center, by the 15 Prop. of the 3 book of Euclid, 
therefore in C 1s the heavieſt; and this is ma- 
nifeſt from Reaſon and Experience it ſelf, the far- 
ther a Weight deſcends from A towards C, the 
heavier it becomes and moves the ſwifter : By the 
contrary Treaſon from C towards Q, the Weight 
becomes the lighter, and its Motion flower : By the 
ſecond Argument he evinces, that a Weight comes 
nigher to the Center of the Univerſe, and ſo is 
heavier while "tis moved from C into E, than from 
F to G, although it paſſes through the equal Arches 


CE and FG in equal time; for it will make the Ar- 


ches alſo HC, andFG equal, and by drawing the 
Lines, they make the Triangles FGL and HCK; 
and becauſe the Angles K and L are right Angles, 
and the Angles BFG, and B CH equal; the Angle 
FGL, will be leſs. than the Angle K CH, and there- 
fore the ſide H K, greater than the fide FL: And in 
the ſame time the Weight comes nearer to the Center 
of the World, through each Line, and therefore 
more by the longer HK, therefore tis heavier in C 
than in F: Therefore the Weight moves as well ia 
Fas in R, by its natural Gravity downwards; but 
it always grows more and more heavy through the 
interval AC, and on the contrary *tis made Lighter 
from D in Q, and by a twofold reaſon, the Weight 
F Weighs heavier and raiſes R, until they reſt in 

CD in Equilibrio. 
2. Why the Scales being inverted, ſo that the Beam 
FR, 


ſ: 


— „ 
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FR, hes upon the Iron © B, which they hold in the 
hand; D which already hath deſcended in R, whether 
the Scales are empty, or equally loaded, not only not re- 
turns to the Equilibrium CD, but rather deſcends more 
towards Q ? Ariſtotle Anſwers, that the Angle OB F, 
which is made when the Cock is above the Scales, is grea- 
ter than the Angle QS R. And when the Cock is be- 
neath the Beam, the Angle RB A, is greater than the 
Argle FB A, but the greater Angle always renders the 
Werght heavier, and ſo in the former caſe the Weight 
F, in the ſecond, the Weight R is the heavier, ard always 
draws the Beam downwards, although the Moderns de- 
bate this Queſtion mary ways in both Arguments. 


CHAP, III. 
Of the Beam. Fig. 226. 


He Beam is a Static Inſtrument, fit to examin the 

Gravity of Bodies, of which a Weight being hung 

to the extream of the leſs, or ſhorter Arm, and another 

Weight of known Gravity, and mov'd through the grea- 

ter Arm, ſo long until 4 Beam ſtand in Equilibrio, it 
will ſhew the Weight. 


The Form of it is ſuch as Fig. 226 ſhews: The 


parts of which are: 1. BC the Beam, being a Trian- 
gular Pillar, Quadrangular, or any other Figure at the 
will of the Artificer,only the length muſt be ſtraight; 
and it it may be made of Wood, of Iron, Steel, 
Braſs, or any other Matter, ſo that the Gravity 
of it be known: 2. ED the Cock or Tongue, di- 
viding the Beam unequally, and afhxt to it in the 
ſame manner as in Scales: 3. B A-the Hook or Scale, 
alſo the Weight of this ought to be known: 4. G 
the Weight hung to the Beam, moveable to and fro, 
and this alſo ought to be known: The Center of 
the Weighing Inſtrument, is where the Cock is bo- 
red through, the little Axis (in which N Weighs 

or 
— 
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or Poiſes) receives the Arm E C, Being alwaysglong- 
er than the Arm EB: Tis always divided into di. 
vers Parts in a certain Ratio, which is ſhewn in the 9 
and 10 Theorems: Notwithſtanding it may briefly be 
done thus: (ſee the Scheme of Theorem the 8)Let the 
Beam be CL, equal in Magnitude and Gravity thro”. 
out the whole; of the Weight of 7 Ounces only, 
or ,; of a Pound: And the Center of Weighing or 
Polling in B, ſo that KL be 10, and KC in propor- 
tion, and the Weight G one Pound : Now then by 
the 9 Theorem, ſeek the Gravity of the Weight D, 
viz. which being hung from the Beam, may make 
an Equilibrium,in this manner : multiply the Weight 
LK, which is of 5 Ounces, into it ſelf, and it will 
be the Number 25, which divide by the Weight 
KC, which is 12, and you will have in the Quotient 
12;, to which LK r being added, produces 173, 
viz, the Weight D deſfir'd; which becauſe C is 
wont to be hung to the Iron Hook CD, let the Hook 
be of Ounces or twelfths 5 1 which taken from the 
whole Weight, leaves the Weight LK of one 
Pound: G therefore in K will be equal to one Pound: 
but becauſe LK is alſo equal to one Pound, and 
therefore D, unleſs it be of two Pound, cannot direc 
the Beam Parallel to the Horizon; K therefore 
ſhews two Pounds, and from the Gravity of G ac- 
cording to the diſtance from B, in the Center of the 
Ballance equally increaſing, we inſcribe 83, T4, 
F, Vs, L7, of known Pounds: And from thence 
it appears, that all theſe Spaces may alſo be ſubdivi-· 
ded into Ounces, beſides the firſt BK; which yet allo | 
may be diſtinguiſhed by leſs Marks or Notes, it G 

in the Center it ſelf B, be underſtood to avail ory 
ſignifie a Pound, and ſo the interval BK will ing 
creaſe by equal Spaces of Ounce by Ounce, and the 


- firſt Mark or Sign will ſhew 13, the ſecond 14, &c 
ps | come dk the Mark or Sign of two Pounds 
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PART II. 
The Practice. 
PROBLEM I. 
To Examine Weights by the Ballance or Scales. 


1. Nto any Scale or Balance, put any Merchandiſe 

or Commodity, whoſe Weight you delire to 
know : Into the other Scale or Balance put ſo much 
Weight of known Gravity to you, until the little 


Tongue or Cock BE of Fig. 224. exactly agree with 


the Anſa, or that you hold it by B D, and make an E- 


' quilibrium, and it will be the whole weight or Gra- 


vity of the Commodity or thing to be weighed. 

2. Or if the Weights or Poiſe, by chance being 
ſomething greater than the Commodity to be 
Weighed, or outweigh it; you may put in the 
Scale it ſelf, which bears the Commodity, a leſs 


Weight by ſo much, as may make it in Equilibrio, 


and this being Subſtracted from the greater Weight 
of the other Scale, will leave the Gravity of the 


thing. 
PROBLEM II. 


To examine N. eights by the Beam. 


Hang the Thing or Commodity to be Weighed, 


to the Hook B A of Fig. 226. and the Weight G 
being known, which is moveable; move to and fro 


on the Beam, until it conſiſt in Equilibrio, and then 

the Weight will detain the moveable; the mark on 

the beam will ſhew you the Weight of the thing. 

m PROBLEM Ill. 

To find the reaſon and manner of Perfection of a Beam. 

The Balance or Scales as being more Simple, ſo 

alſo *tis' more accurate : The Beam as being more 

troubleſome, 10 tis leſs exact: Hence we Weigh 

precious or coſtly things, not on a Beam, oy, 1a 
cales 
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Scales or a Ballance : Neverttieteſs the manner or 
way whereby to make a Beam moſt perfect will be 
this: Let the Beam by help of the moveable Weight 
G, be divided in the aforeſaid manner, and make 
G in F to Equiponderate to D (ſee the Scheme at 
Theorem the 8th) and ſo D to Equiponderate to G in 
F, and being hung together, of the difference 

the Arms KL: And divide the Weight D, into two 
portions N and O, fo that they make an Equilibri- 
um, the portion N with LK, and the other part O 


with G; Then according to the 8 Theorem, the Pro- 


portion of O to G, is as FB to BC: But the propor- 
tion of N to LK by Theorem the 10, as to the ſame 
Weight hung from M: And by Theorem the 9, as 
LC to CK: If then the Weight be hung direct- 
ly in D, and the Beam ſtand in Equilibrio, and 


moreover BL being loaded by a Weight hung in G, 
the Equilibrium of the Beam cannot otherwiſe be 
maintained, than if the Weight N, being augmented 
by the Portion O, is ſo to G, as the part LB to B C, 
and ſo according to the equal increaſe of BL, 
increaſes O, N always remaining the fame, 
wheretore according to the equal increaſe of 
the parts BL, the Weight D increaſes, and will 
make tlt2 Beam alike, if in the extream of it C, 
a Weight be hung, making Equilibrium with LK; 
then divide the greater Arm of the Beam from the 
Cock to L, by equal Spaces. ; 
| PROBLEM IV _ 
To find the correction of the Beam. 

The precedent way of finiſning the Beam, is even as the 
Idea of ſome perfettion of the ſame ; But becauſe for the moſt 
part the Weight Ddepends not from the, Term it ſelf, or from 
the poirit C of the Beam, but the Hook being fixt within C B : 
the former diviſion of the Beam is ſomething troubled, and the 
fir mark ſhewing alſo the Weight LK, neceſſarily retires 
towards B, and will bein P: For it the Weight as well LK as 
D ſhould be two pounds | 
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according to the former Ratio, the firſt mark in K- 
— 1 7 four M but when G, 
depending from K, (to wit, being conveyed in P, 
but in the point of four Pounds, from which it can 
make an Equilibrium) ſhall make four Pounds, 
theſe being added to the weight L K of two Pounds, 
makes fix Pounds, and therefore the mark K de- 
ceives; nor from thence doth it make an Equllibri- 
um: The mark therefore of four Pounds muſt be 
made in P, for there, both alſo G and L K, the 
weight of two Pounds, being conjoined, weigh four 
Pounds, and the Beam is made parallel to the Ho- 
rizon; and ſo the firſt mark is leſs diſtant from the 
Cock, or that you hold by, than the other between 
themſelves, which will be e as if the ſe- 
cond de in 2, the third will be in H, the fourth in 
M, the fifth in R, the fixth in E and C, and fo G 
in E will ſhew twenty four Pounds. 


PROBLEM V. 


To weigh at the Beam, the weight of moſt vaſt Bodies, 
yea and of all the whole Globe of = orld. 


The Great Archimedes boaſted, if he had place to ſet his 
Feet he would move the whole Earth; if we conſider 
Mathematical Principles, and thoſe already thewn, it is 
not only poſſible to raiſe the whole Orb of the Univerſe, 
and remove it from its place, but moſt eaſily and almoſt 
with no power; this only being preſuppoſed to be grant- 
ed, from whence either to hang the Cock of the Beam, 
or (if to be moved by a Leaver) a place to ſet the Hy- 
pomochlion or Prop upon: For ſince, according to The- 
orem the VIII. the Rio of Weights ſtanding in Equi- 
librio, is as the mutual diſtances of them from the Prop, 
or from the Cock of the Ballance, The diſtance of the 
Earth from the Prop or Hypomochlion may be ſo leſſen- 
ed, till at laſt the length of the leſſer Arm to the length 
of the greatex, is {carce percavable, and ſo will the pro- 
* 


portion 


| Ee 
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portion be of the weight hung tothe greater Arm, to the 
whole Earth; and ſo by a n, or by an i | 


ent 

Leaver, by a ſmall weight, or by a little op 
ſed, 8 Aa Burden of the 2 of the 
Earth may be raiſed ; yea, by the IX. Theorem, either 
a—_ or the o- 
manner 


from the proportion of the greater Arm 
ther part of the ee wr help of foree? 
beyond the hanging weight, or force, 
the whole Earth may be ſuſtained : But all tha Under. 


taking ſeems to be in vain, if we ade 5 and 
from Natural Principles; for although by Divine Powe: 
wie ſhould have an Hook, to which we might hang or 
Join the W n 2 Bafe, on 
wW we may place the Frop Or ypomochlion, yet the 
Work would 2 ſucceed: And preſuppoſing neither 
the weight hung on the Beam, by its natural gravity, to 
endeavour downwards, according to the Line. of the 
Cock, or parallel to the handle, which neceſſary Hypo- 
theſis falls in the beginning of this Labour; for the 


Earth indeed by invincible gravity, endeavours perpendi 
cularly towards the 'Center of World, but this c 
raiſing from a weight hung to the greater Arm and op- 
2 will incline towards the Earth and the Cock it 
elf, and indeed by how much the more this Arm is pro- 

| longed, it will make this Angle of inclination the ſharp- 
er, and at laſt this weight on the Beam will hang pa- 
rallel and perpendicular on the Cock it ſelf, and ſoboth 
the * yert of the Leaver, oppoſite to the moving 
; for unleſs the power and the weight to be moved, 

ſhould be accounted to be equally at the Center of the 
Univerſe, motion would not follow : But in a Leaver 
of the ſecond kind, of which the power could only move 


upward, that by any g it may overcome 
S grariey ofthe Fant, a won oe voy in 
{traightway by the application of the Statick Mechanic 
Inſtrument, there is the ſame center of the Earth, or c 
the Body to be moved, and of the motion of the oppo- 
ſite weight, or of the eee the cauſe is of ſtability, 

not of motion ; as all heavy things, by the community 
of motion of the Center, by a Spherical Congruity, con- 
tain themſelves in reſt to Eternity; ſo the Earth, being 
hrmly founded on its Baſe, ſhall never be W 
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PROBLEM VI. 


To weigh the two moſt light Elements Fire and 
Air, 
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Water and Earth, and ſuch Bodies where theſe Ele- 
ments predominate, are eaſe to he weighed, but thoſe 
Elements which in compariſon of theſe are ſaid to be 
light, have here no ſenſible gravity, no more than Wa- 
ter has in its own place; nevertheleſs the way of exami- 
ning the weight ot them, if there is any, this ſeems the 
beſt: Take a Viol or a Glaſs Retort of Athes, or of Sand, 
from the Fire; only not red bots and forthwith put it into 
the Scale of a Ballance; alſo in the other Scale put 
Weights to gravitate to an Equilibrium, and fo let them 
remain whale the Glaſs grows cold, and you will fee tlie 
Scale which bears it, ſomething to deſcend, and the other 
to rife; then you malt load it with a known weight to 
ing it to an Equilibrium again, and ſo from this laſt 


weight, the weight of the Air may be gathered, and 


withal, the difference of gravity of both the Elements; 
for red hot Glaſs is filled with nothing but Fire, or Air 
extended to the ſubtilty ot Fire, till it is cooled, and then 
it is full of Air only. 


PROBLEM VII. 


To find the Deceit of Fallacious Ballances; 


The making of a Ballance or a pair of Scales may be 
corrupted divers ways, that they may deceive ; perha 
it may ſuffice to remember from Ariſtotle one of the 
ways. A certain Seller of Rich Purple, in theſe times mot 
precious, uſed deceitful Scales, ſo compoſed, that by the Ware 
and by the Weights juſt over againſt it, bath Scales were load- 


ed to an Equilibrium, yet the pound of Purple th u he preſent- 
ed 10 the Buyers, was leſs than juſt,by an whole Ounce, v12. the 
Beam AC in Fig. 224, was divided int) 23 equal parts, 
within the little Axis or Cock 11 parts, and ihe bearing ft xt 
to the rwelfth part; beth the Arms ſtrerched forth nnequaily, 

| ® 9 Jet 
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yet the longer being made ſmaller, or by the Scale 
weighing lighter, the Ballance ſeemed equal, but 
neither did the whole Weight of twelve Ounces which 
was in the Scale of the ſhorter Arm, weighing a- 
gainſi the other Scale of the larger Beam, wherein 
was the Wares of eleven Ounces, deſtroy the Eguili- 
brium but this and all other Deceits made by Scales, 


eaſily be detefted, by changing of the Weights 
a W . into the 9 Scales. 7 


PROBLEM VII 
To find out the naughtineſs of deceitful Beams. 


Generally Beams may be made to commit a fault 
three ways. 1. If the be not exattly equal in 
magnitude, thickneſs and weight throughout the 
whole length. 2. If the divifion of the Beam be ot 
exactly equal. 3. If the weight hung about the ex- 


tream of the leſſer Arm diſorder the Ratio of the 
Beam. | 


The End of Staticks. 


Now follows the Aſtronomical and Geographical TABLES. 
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A CANON of Sines, 
Tangents, Secants and 
Verſed Sines. 
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A CANON of Sines, Tangents, Se- 
cants and Verſed Sines. 


Fccan. 


Verſine 


Ii705 2415305 
12538 03 


35 5IL 32704112521 3166 


12 27994 BOO 52427 
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This TABLE needs no other Explanation 
than this: If you want a Sine, or Tangent, or 
Secant, or Verſed Sine, above 45 Degrees, you 
muſt ſeek your Number of Degrees in the firſt 
Column on the Right Hand, and your Sine, 
Tangent, Secant or Verſed Sine, at the bottom 
of the Table, proceeding upwards ; as on the 
contrary, the Degrees of the firſt Column to 
the Left Hand, proceed downwards: The 
Reaſon is, becauſe here you have the Com- 
plements joining to their reſſ ęctive Sines, 
Fangents, cc. 
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and Meridian Circle. 


A TABLE of the Declination of the Eclip: 
tick ; and of the Angles of the Ecliptick 
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The Uſe of the Table of Declinations. 


T* the Sign of which you want the of Declina- 
A tion be found in the ſuperior Line of the Table, = 
muſt take the Degree in the Left Hand part of the Ta- 
ble; but if the Sign ſhall be found in the inferior line of 
the Table, the Degree muſt be taken on the Right Hand 
part, and forthwith, in the common meeting of the Sign 
and of the Degree, you will light upon the Degree and 
Scruples of Declination. Example, Would you know 
how much 17 of m declines from the Equator ? in the 
Left Hand part of the Table I take 17* of m, (for this 
Sign is placed in the upper part of the Table) and in the 
common Angle under m, I find 16® = 58“: 22”. ſo much 
therefore LF omen the Declination to be of 17 of m: 
Likewiſe if you would find how much Declmation 230 
of & hath, then becauſe this Sign is in the lower part of 
the Table, I find in the Right Hand part, the ſaid 232, 
above the Sign S, to anſwer to 21® : 33': 22”, and fo 
much is the Declination ſought ; but if you have Minutes 
propoied, as well as Degrees, you mult take the Decli- 
nation of the next leſſer and the next greater Degree, 
and by the difference of them, find out the part _ 
tional, which muſt be added to the Declination of the 
next lefler Degree, if the Sign propoſed be in the upper 
part; but ſubtracted from the tame next leſſer Declina- 
poo if the Sign ſhall be beneath at the bottom of the 

able. | | 

An Example of both: T would know the Declination 
of 4% 27*ot the Sign I, then becauſe I have no Minutes 
in the Table, I take the difference of Declination of 40 
and 59 of the Sign I, which difference contains 10' 
44”. which I reduce into Second Minutes, and they make 
644”. then I lay by the Rule of Proportion, if 60' give 
644 . what will 27' give? Anſwer, : 57”. which muſt 
be added to 21® : 1' : 25” the Declination of 4* of A, be- 
cauſe the Sign IT 18 Superior in the Table, and it makes 
21*:6': 22”, and ſo much is the Declination of 4® : 27 
ot X. a 3 | . : 


The 


1 
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The Uſe of the Table of Declinations: 
N like manner I would know the Declination of 


5* : 32 of the Sign ]; then, becauſe the Sign 
propoſed is at the bottom of the Table, we ſeek 


the Degrees on the right fide, and the part propor- 


tional muſt be ſubtracted : The difference between 
the Declination of 5® and 6* of W, is 2': 20". 
which reduced, is 1500. Say then, if 60 give 1500, 
what will 32' give? Anſwer, it gives 1': 20% to 
be ſubtracted 23% : 25 : 48 and there re- 
mains 23* 24: 28. for the Declination of 5* 
32' of from the Ecliptick. 
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A TABLE of Right Aſcenſi ſions, 
to the — Obliquity 23:3 1. 
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A Table of right Aſcenſions to 
Tychonick Obliquity 23* ; 31. 
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The uſe of the Table of right Aſcenſions. 


you muſt take the Sign in the Head of the Table, and 
on the left ſide, the Degree of the Sign, for in the 
common meeting of the Sign, and of the Degree ed, 
you will find the Degree and Minute of the tor, 
which ariſes together with the given Degree of the 7 
tick; ſo you will ſee, with 19 of K, that is, with 

Arch of the Ecliptick, from the beginning of , 
and ending in the 19 of A, which comprehends 1397 
in a right Horizon, to ariſe 141%: 27 of the Equinoct I 
Circle : But if Minutes adhere to the is goa Arch, you 
mult ſeek out the part proportional, anſwering to the gi- 
ven Minutes, as is ſaid in the uſe of the Table of Declina- 
tions, and that muſt be added to the Aſcenſion of the 
Arch of whole Degrees of the next leſſer. Example. Lets 
ſeek the right Aſcenfion of the Arch of the Ecliptick, 
containing 125: 400, that is, the Aſcenſion of 5® : 4& of 
N: Subtract the Aſcenſion of 50 of A, viz. 3 22 
from the Aſcenſion of 6 of K, to wit, from 128: 24%, 
and there will remain 17“: 2, the difference of both Aſ- 
cenſions, which ſuits with 60'. Wherefore, according to 
the Rule of Proportion,in Minutes, will be Lg Minutes 
414, which, it you add to the Aſcenſion of 5® of , you 
will _ the Aſcenſion of the propoſed Arch of 123. 3 


But if you inquire the Aſcenſion of an Arch of the E- 
cliptick, bexininng not from the beginning ot V; for 
Example, of an Arch of the Zodiack, beginning from 100 
of 5, and ending in 18* of x, which contains 38 you 
mult ſubtra& the Aſcenſion of 109 of 5, to wit, of 375 
34 from the Aſcenſion of 189 of E, that is, from 765 
57, and there will be left the Aſcenſion of the propoſed 
Arch of 39® : 23\. Thus by the preceding Table you may 
find out the right Aſcenſions. Tk 


In this manner we may eaſily gather the riglit Aſcen- 
fon of any Sign of the Zodiack, taken by it ſelf, as ap- 


| pears in the lorm follow ing. 
Tue 
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The Aſcenſions of the Signs in a right Sphere 


| 1 Aries. | Tf Virgo. |= Libra. |X Piſces. 127®: 54 
 & Tawws. A Leo, |m Scorpio. Tn : 7| 
| It Gemini. S Cancer T Sagitary.|V? Capricorn. 32 : 12 


Hence it plainly follows, in a right Sphere, that the 
four Signs which ſtand about the two Solſtitial Points, 
anſe rightly, but the other eight obliquely ; alſo thoſe 
Arches ariſe more oblique which are nearer to the Equi- 
noctial Points, but thoſe more rightly which exiſt nearer 
to the Solſtitial Points: The ſame may be ſaid concern- 
ing the Deſcenſions and Mediations of the Heaven; there- 
fore in a right Sphere always four Signs have equal Af- 

and equal Deſcenſions, and Mediations of Hea- 
ven, all vrhich indeed may be demonſtrated from 8 ö 
ncal Tnangles : By this you fee which Signs ariſe rightly 
in a right Sphere, and which obliquely. 

Note, that the Column in the Table of right Aſcenſuons , 
whoſe Title is Common Scruples, ſerves to both the adjoining 
Columns on the Left Hand. 

From this Table of Right Aſcenſions, and the fol- 
lowing Table of * 7 cenſions, you may find © Ri- 
ſing and Setting, with the length of the Day and Night: 
for the Aſcenſional difference of the O, (which you have, 
by ſubtracting the right and oblique Aſcenſions one from 
the other) being added to the Semidiurnal Arch in a right 

that is, to 90 in the Northern Signs, or ſubtra- 

from it in the Southern, their Sum or Difference will 

be the Semidiurnal Arch, which doubled is the right 

Arch, which biſected, is the time of © Riſing, and the 
day Arch biſected, is @ Setting, : 

As when © is in o Degrees of TT, his Aſcenſional Dit- 
ference is 27: 36', which being added to go*, becauſe 
the declination is North, the Sum will be 117* : 36, the 
Semidiurnal Arch. | 

The double whereof is 235*: 12', the diurnal Arch, which 
being converted into time, makes 13 Hours, 41 Minutes, for the 
length of the day, Complement to 24, is 8 Hours, 19 
Minutes, the length of the Night; the half whereof is 4 Hours, 
9 Minutes, 30 Seconds, the time of © Riſing. 5 
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A TABLE of the oblique Aſcenfions 
of all the Points of the Ecliptick for 


the Latitude of London , 
515. 32. 
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The Uſe of the Table of oblique Aſcenſions. 


From this Table you may find the oblique Aſcen- 
fion of any Arch, in the ſame manner as in the uſe 
of the Table of right Aſcenſions is ſhewn, neverthe- 
lefs they muſt be taken in that Table of oblique Aſ- 
cenſions of the elevation of the Pole, in which you 
ſeek the Aſcenſions; but however, you may find the 
deſcenſion of any Arch in any oblique _— for 
in a right Sphere the Aſcenſion Deſcenſion of 
the ſame Arch are equal; it is ſhewn that the Aſ- 
cenſion of any Arch is equal to the Deſcenſion of 
the oppoſite and the Deſcenfion of any Arch 
is equal to the Aſcenſion of the oppoſite Arch; 
therefore if the Deſcenfion of any be ſought, 
you muſt find the Aſcenfion of the oppofite a 
for this will be the Deſcenſion of the propoſt 
Arch. Example. If we want the Deſcenſion of the 
Arch from V, even to 8“ of np, of Rome where the 
Pole is elevated 425, the op fite Arch is from =, 
even to 8* ＋ and becau beg of X 2 _ 
347* : 29 of the Equator, beginning > 
you ſubtract 180%, _ a Semicircle from V even 
to , there will remain the Aſcenſion of the Arch 
trom # unto 8* , that is, the Deſcenſion of the 
Arch from 7 even to 8* , -167* : 29 : In like 
_—_ let's A the Deſcenſion * * — 
the beginning of n even to 20 of æ, the oppoſite 
Arch, is from & even to 20“ of N; and becauſe 
20 of A, beginning from the beginning of 8, aſ- 
cends with 111* : 15 of the Equator, ſo much we 
fay is the Deſcenſion of the Arch contained between 
he Re m and 20* of z: In like manner 
we find the Deſcenfion of the laſt Degree of 2, that 
is, the Arch contained between che * 
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The uſe of the Table of Oblique Aſcenſſons. 
and the laſt Degree of f, the Arch oppoſite to this 
Arch, is contained between the beginning of = and 
the end of N; for the firſt points of the ſaid 
and not the Extreams, are oppoſite by the diameter 
in a Sphere; and the Arch from : unto rhe end of 
, aſcends with 1807 of the Equator, and the Arch 
from to the end of U, with 66“: 57 of the E- 
= to which, if we add 1807, we ſhall have 

Aſcenfion of the Arch, from the beginning of a 
Be, $i ths binding of 5. jo the end of 3 
© e beginni 7 unto ot 2 

245”: dl and ſo ofthe ret. 55 
Alſo the Deſcenſion of any Arch, beginning from 
the beginning of V, may be found thus; take away 
from the Aſcenſion of the point, which is 228 
to. the extream point, by the diameter of the pro- 
2 Arch, an half Circle, that is 1807; bur if the 
btraction cannot be made, firft add 360%, that is, 
an whole Circle, to the Aſcenſion of the oppoſite 
pour, for that which remains will be the Deſcenſion 
ght. Example. Let's ſeek the Deſcenſion of $* 
of K at Rome; from the Aſcenſion of 8* of , tha: 
is, from 327* : 45 ſubtratt 1807; and there remains 
the Deſcention of the Arch from y even to 8“ of 
Leo or & of 147“: 45. Again, would we find the 
fion of 20 of n, we add to the Aſcenſion of 
20 of &, vis. to 30“: 467, an whole Circle, or 

60, and from the compounded number, that i 
— 90“: 46, we take away 1807, and there wi 
left the cenfion of the Arch from y even to 


be 
20% of n, of Degrees 210, Minutes 45, Cc. 


* 


* 


. 
i 7 
— 
por 
pu - 
4 


5 


Mo 
A TABLE 


of the longeſt Day and 


longeſt Night, between the Polar 
Circle and the North Pole. 


of No.] Day in 
Pole. Sumer. 


1 ä a — 8 * 


77 30 
78 8 131 22 


| | 
| j_39_2 


| 60. 16 
=o. 
69 6] 


| 97 14 


Night 
in in. 
— H. 
| 22 1 
31 13 


45 8 
50 22 
56 © 


| 


| 


SE: 


84 6 
87 18 
91 2 
94 9 
100 17 
103 19 
106 20 
109 20 
112 17 
115 14 


8 20] 124 21 


Contin. Altit 
of No. Day 
| * 


— 


79 '© 42 of 


77. I| 
80 17 


— 


Fole. 
5 


79 3 


86 30 
87 © 
87 20 


89 30 
90 © 


118 11 


55 


01130 17 


| 


133 13 


1136. 8] 
1139 3 


1 


. in 


Contin. 


121 7 


124 2 
126 20 


— — | 


128 4 
132 7 


141 


21 
— 


147 
150 


168 9 
| 170 23 


$2: 5 


| 


_ a ———— 
144 14137 17 
81149 9 


152 161145 13 
155 8148 4 


5 2 


87 20,173 13 
88 01176 2 
88 30; 178 16 
8g of 
183 194176 9 
(396 171178 


135 © 


142 23 


155 22 
158 12 


163 15 
120 4 
168 16 
171 9 


173 19 


— 


— — 


—— 


2 


OF "OP I OT; 


LD A. £4 Aw. £4. we 
C? 


— 
AM. on ans = 5 

1 ee 

m 

* 


A 


2411 


— 


% la Alo 


10 


— 


— 10 144 56 wo 
10 - Ba” 8 , 
1 4415 as | 5 4 
ons 26 
19 2. 288 32 
. 4 828 
8 $4 Tn 726 | 
9 52 24 8 26 
9 46 4 8 24 
14 2 | 3538 4338 | 
14 2)| 9 * 8 29 
14's 9 38 742 1V 18 
14 26 9 34 8 18 | 
1 3 3 6% | 
14 32 9 — 15 45 8 14 | 
53 . % [814 [14] 
N 24 : 18 13 48 * 12 Fn 
2 2126 ks 50 |=] 
1444] 9 2 % Je . 
4313 10 3 8 2 
4 25 6 5 52 1 
3 15 52 | 36 | © 
36.90 24355 3 
222 5 1 
15 — | WR K | 
"IWR £ 54 
Is 04 | 22 4. 56 |3 4] 4 
15 c6 Bet r355]8 4 * 
1810 ＋ 15 55 o 4 & 
i — mr 
32 


K i 


18 16.37 


l 4 +4 * 1 1 0 . 
47 0IT | 
51 45 . a ; 


| 1 * . 
** . A 
* 
—— —— — ͤ—ä— — 
1 7 
. > — . * „ 
- —— —— — — As n 
* 


” 
441! TT WW WW 
N 


DVV 


3 


' — 
I; 
/ 
a 


, 
7. \ 
'& 


207 


YT 23 - 
* p -.- 


* . 2 — 18 4 FRY hs 
—— — 


. 
"PE 
1 w * 
P 


* 


OO © - is 


A 


8 Ju 


the Tail of the leſ- 
Bear 3 Cynoſura 
Polar Star. 
2. The faſt of the 
22 Breaſt 
' & In the Girdle 
of Andraneds. 


. 3 ry 


LY 


* 
* 
” * 
- 9 os 
_— — * 


* 
1—— 


- 
* > 
. 


2 57 29 3 


3 : — 
28 


2 — 22 


* Pa * „ u_ 6 92 „ 696636363636 <4  * 8 . . * ä A * _ - 
CR ——— — —  ——— 6ꝙ6ͤ-—— 7 EEO RE, Oo TOI... 
a» ol i 
' ; 0 


— 


—— 
21888 PSO 
2 vw PISHOETICESS 


Fe TA . — 1 . 5 99900 


3 
* 


| 77 
| "4 oj : ; 
Ts. t 
* 


— 8 bal 1 — 14 | 
| 388 - 'Y. 

4 SA : 1525 88 88 22 42 oy 44285 5 25 N 

5 = 2 " 5 | ö Ia by 2 | 


oO + &] a+ wo Ro — EE 


* 


A This 4 the 


al b „. 


lg pn ar 


x 


: 


* 


; 


the Suns 
The Radixes at the 


* 


76 
Table 


77 


A 


* 
—— 


"1 " 


Period, 


1 
- \ 4 
* 
o 


ght complext. 


Julian 


| 


; 
1 0 


, 
3 


— 
* 


* 

5 8 
4 ' 7 - o 
118 13 


1 


2 


112 19 $9 


_— 


Clams 


, 8 ® © 
— 


* 


1 % 


ooo0eloood 0000/0000 


— —— 
— 


= 
* 
* 
. * _ 
1 


. 


* 
, 


— — „ * 


27 
Vea 


Das ert e 


Las 


ATable ofthe 


JS 
* 


* 85983 * 


0 0 0 0 3 
0 o 


. a pe a — -% 
. . 
” 


o'0 © 0, 
2 


— [ — — 
"TTY | 4», 
˖öͤöͤIͤ -- 1 F — | | | 
LEE EN 


3 =. 
, 
„„ 
2 
„ 1 
* 


9 1 Ce * 
ü 4 


33 r8july. 


base 


0000 


— 


— * 
9 . 
d * 
* 


— 
© | 
28 
20 


4 b | 
0000[ .= = £& 


' o9 rajanguſt, 


. a> —— — c 


5 


BY 
2 
: 

' 

1 


-— — -_ — —ũ—— — —— — WW — m = — 
* * * | 


's We of the ew nnn 988 
_» , —_— Minutes. 


; | Ow P DE. © D | WT. 11 
I i» Bah 2 
| 12111 47 40 


137 275 
1 2 427 24 


1548.1 
19 235 — 


BER. 118 4 38 2 
— {Nick 


—— ww 


| * , 
8 


($$? 


a 
2 


$1521 


T 


vw 
*. 
1 


* 


2 


9.9 


wv 


82 N 


ä 


1 


i 


\ 


PST 
$18 


1 


* 


1 f... 


1 . l ” N 
A © K » - 
A 
Cs 
9 , 
+ 


8 » 


"0 


” = 1 
; * 
£ - +8 
fy 
„ 
* 
* = 4 
: 
L 7 
2 1 8 
1 x bk 
on — 
I . 


* 6 ˙ * ——_— 
0.090.010 0 0/0 


* a 


* 
— 
* 


eee EL _z 


BEE bf. 


Period, fe M 


ES 


nien: 


q 
* * 
- 
Ts . 


| 
5 


—_—— 


II 


A 
*» 


32818288 


LEE 
28838838 


vcd; 


— of Conſpaſtions of © and C 


o 28 31 $4 
1 09.47 30 


| 


1 


or, ar 15 77 F 
29 IT 15 77 


FR 

| © 
30T19 46) 5 
3 q L 
THY 
2 | ki 


- 29/12 


E 


d 19/3917, 
03 8922 02 
LE 


44 06 


. | o1: 20 06 36 


| 02,00 31 54 
02-20 138 29 


— 


O4 27 31 18 


| 
'F 
17 37 54 


. K. 


s 
01 20 


| 


1 4 11 17! 26 49 
ET 261 09.25 4 Be 
1 2.1 09 28.06 07] | 609 4:94 11 
Lr f 2 2 4853] 4-704] 97 03 
if 3 | $7.25 3139] |. 800 | o9 25 
1 14 06, .06 10 56 1100 og 
nu 53 42] | 2000 | 06-29. 
; 5 -| £4,03 36.28] | 3006 | Op. 29 
' 6 4 09:02 19-12 4000 | OI. Og 
4 B-17 | 02 14 17 44 Fm a 19 
- 18 | 07.12 58 30 | 6000 | 07 29 
. 00 11 41 15700 11 29 ö 
| ] 05:10 22 59 | S080 | 92 19 $6, $3' 


Ge 85 


Cy „ 
* 


5 


* 


which" take out, you muſt encreaſe it 


'( 
Nove. 
Dece. 
X — 3 — 
the compleat-Day of the Month of Febru- 
W 


- 


12 
'A Fable of the Anomaly of 0 * 
0 — and Searle. * 


JIE" 
a] 


37 
46 
30 


— 

+ a 

22 
1 


uy 
ww 
d 


[II 
— — 
1 
88 


est 


el 
Iz 


r 


= 8 88 
w $818: 
ITAL 


. 
F * 
o . 
* 
. 
. 


dt 
— 


- 
E 
: 


783 


the L 
rege iam Wiler. __— 
Dug, {Wiles Fer: (Dog: | iſe 
*I 1 77 
12 34 
42_ 3s | 33 
12 267] 84 ogy 
I2 17 56 1 
22242 
11 55 7 5 17 
8 91% 41 
1 5 
11 291705 * 
111 191 744 4 53; 
e 5875 
10 4214 
10 361-75 8 
10 2517 
10 1447 $ 
10 . 
rer 
9581791 
9381 80 
2.2 1 81 
9 14 37 
2 12 
2 
8 36 v5 
8 234 86 
_8 12 87 
7 5788 8 4 
7 43189 Ws | 
\ ' 1 [2] : 
Scruples any hel 


cel; is Afi 
mult multiply the German Miles and Scruples by 4. Ex- 


$th parallel contains 14 : 29, which multiplied b 
3 Sora 9 ip! * 


ET 


— 4 & fore of a chiefet Cities in the 
ths Norden om Lon with he ge 
their Meridian from Ion with the * 

r I 


| Names of the FO | 


z 
| 
| 
| 


0 
Tt 


O 0 0 


- 
F 
c a 
fo 36 A J 1 
5 „ 
2 18 4143 30 
22 3% 15 
1 2 440 58 
3 15 4A 34 0 
Ala: 1 18 KA 54 2J 
xo in Scotland | o 1x '$ 2 
| | 2 17 A 38 18 
o 16 833 15 
1 oo: K 72 20 
1 20 A]54 25 
| o 32 4 50 op. 
0 264. 36 10 
| 0.631 85:-$6.| 
| o 16 ᷣ A 50 54 
ö Goa in 5 48 A c 16 O0 8 
> IH |: Fer-Gooſe 15 Zealand o 16 A 5t 36 | 
| Hamburg in Holſatia 12 25 A} 23 43 
A | — 8 82 1 
) ' Heidelburpe | 0 35 Al as 26 
; | Hierufatem 3 0 A 32 10 | 
1 In golltade © 47 A 48 42 
; 1 — in Fortugal © 26 8 28 45 
7 Lyons in France o 20 A 43 16 | 
2 1 * „ 19 An ta 1 
1 L 88 0 ©0 51 32 | 
1 UDECK i Nn © 40 A 53 58 
2 Magdeburg i Saxony n 
A Rr | earns Wh 
AN aire 


- 
- 


_— 


786 


Names of the Cities. 


| Saint Malo 
Mexico 
Macao ix Kingd. Pegu 
| Malico in! India 
Maliaput Sr.Tho.Se Sepu. 
Morocco 
Marpurg in Heſſia 
NM Mecha in Arabia 


Meſſane i in Sicilia 


— 


2 


- %% „„ 


Munſter i in Weſtphalia 
Madrid Seat of K. Spain 
Mount Sinai 

Narbon 7 — 


| 
_ 
Ninive in Aff; wg 

| Naples in Ita 
C Noritnberg in Germany 


| 

| | Prexbung 7 in Hungary © 
| | Paris in France 

| Prague: in Bohemia 
Padua 


1 Pergamus 
Quinzoy 
| 
| 
| 


| Rome in Italy 50 A 
Ravensburg in Bavaria o 41 A. 


s 


* 


f * | : 1 


= 


9 


> 8. 2 


&S 
Fl 


SB [> 
> >> >1 > > > 


8 


— —_ 


8 
a | 
. 


— — 
. 


0-0-0 0 Tone or 
. | 


| 


Ulme in Lower Swell. 


Weymar 


Uran 
Uliipe i Portugal 


orms 


0000TJoOmacao. 
A 
O 


Wirtenburg in Saxony 


RE 7. 
% 


=> >> of Þ> | > > 2» >| >> > =» 


— — 


„ or OP 


EE" 


\ Advertiſements. 


— —— 


— - 0 — ¶ œ uon — . * — orci 4 


A hot FR God willing, 
ns 250 amen Traltaes. * — 


An E * of N 
rm i 


. Te 


into 4 Pants 


ſc of Dyalling 


17 


7 — 1 : 
Klatte 
19 


1 A he in Bp Nundbet/' 
Part the 11x. OD ernin ; the Kade 
Fart tte 2d, of. Indi 1 A io 


H. A Tractate in m | 
Part the 1K. 
comitnd > Far th —— 
| 2 Part the 4d. of 
1. A 25 e re Prop | 
IV. A Teaftate of x ondl Program: 
in Part the ft. treats bf en 
87858 of Lines: | the 2d. of the Hamont- 


v. A Travtate concerning the Proportionalities of 


Ratio's. 
2. £ 
\ 3% 
” 


